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LILUNLSE  (GB) 

Process  for  preparing  5-perf  luoroalkyl-5,6-dihydrouracil  derivatives  and  compounds  for  use  therein. 

A  process  for  preparing  a  5-perfluoroalkyldihydrouracil 
derivative  of  the  general  formula 

wherein  Rf  represents  a  perfluoroalkyl  group,  each  of  R1  and 
R2  represents  a  hydrogen  atom,  or  an  alkyl,  cyloalkyl,  aryl, 
aralkyl  or  heterocyclic  group,  and  Y  is  an  oxygen  or  sulfur  atom, 
which  comprises  (a)  reacting  a  compound  of  the  general  for- 
mula 

wherein  X  represents  a  halogen  atom  or  a  hydroxyl  group,  with 
a  urea  derivative  of  the  general  formula 

provided  that  when  X  is  a  hydroxyl  group  and  at  least  one  of  R1 
and  R2  is  a  hydrogen  atom,  said  reaction  is  carried  out  in  the 
presence  of  a  consensing  agent,  or  (b)  cyclizing  a  compound  of 
the  general  formula 

and  a  novel  intermediate  compound  of  the  above  formula  (IV). 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e   p r o d u c t i o n   o f  

5 - p e r f l u o r o a l k y l d i h y d r o u r a c i l   d e r i v a t i v e s .   M o r e  

s p e c i f i c a l l y ,   i t   r e l a t e s   to   a  p r o c e s s   f o r   p r e p a r i n g  

5 - p e r f l u o r o a l k y l - 5 , 6 - d e h y d r o u r a c i l   d e r i v a t i v e s   of   t h e  

f o l l o w i n g   f o r m u l a  

w h e r e i n   Rf  r e p r e s e n t s   a  p e r f l u o r o a l k y l   g r o u p ,   e a c h  
o f  R 1   and   R2  r e p r e s e n t s   a  h y d r o g e n   a t o m   or  a n  

a l k y l ,   c y c l o a l k y l ,   a r y l ,   a r a l k y l   or  h e t e r o c y c l i c  

g r o u p ,   and   Y  i s   an  o x y g e n   or  s u l f u r   a t o m ;   and   t o  

n o v e l   i n t e r m e d i a t e   c o m p o u n d s   u s e f u l   f o r   t h i s   p r o c e s s .  

Among  t h e   5 - p e r f l u o r o a l k y l d i h y d r o u r a c i l s   o f  

f o r m u l a   ( 1 ) ,   5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l   i s   a  

known  c o m p o u n d   w h i c h   can   be  c o n v e r t e d   to   t r i f l u o r o -  

t h y m i n e   by  r e a c t i n g   i t   w i t h   b r o m i n e  i n   a c e t i c   a c i d  

f o l l o w e d   by  h e a t i n g   [C.  H e i d e l b e r g e r ,   D.  G.  P a r s o n s  

and   D .  C .   Remy,  J .   Med.  C h e m . ,  7   1 ( 1 9 6 4 ) ] .   C o n d e n -  

s a t i o n   of   t r i f l u o r o t h y m i n e   w i t h  a   s u g a r   can   y i e l d  

t r i f l u o r o t h y m i d i n e   or  i t s   d e r i v a t i v e   w h i c h   h a s   a n t i -  

c a n c e r   and   a n t i v i r a l   a c t i v i t i e s   and   i s   u s e f u l   as   a  

d r u g   f o r   t r e a t i n g   c e r a t i t i s   and  h e r p e s .   The  c o m -  

p o u n d s   of  f o r m u l a   ( I )   o t h e r   t h a n   5 - t r i f l u o r o m e t h y l -  

d i h y d r o u r a c i l   a r e   n o v e l   c o m p o u n d s   w h i c h   a r e   n o t  

d e s c r i b e d   in   t h e   p r i o r   l i t e r a t u r e .   They  h a v e   a n t i -  

t u m o r   a c t i v i t y   a g a i n s t   a s c i t i c   m a s t o c a r c i n o m a   and   a r e  

e x p e c t e d   to   be  u s e f u l   as  an  a n t i c a n c e r   a g e n t .  

One  c o n v e n t i o n a l   m e t h o d   f o r   s y n t h e s i z i n g  

5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l   c o m p r i s e s   c o n v e r t i n g  

t r i f l u o r o a c e t o n e   t o  c y a n o h y d r i n ,  a c e t y l a t i n g   t h e  

p r o d u c t ,   h e a t - d e c o m p o s i n g   t h e   a c e t y l a t e d   p r o d u c t ,  



r e a c t i n g   t h e  r e s u l t i n g   a l p h a - t r i f l u o r o a c r y l o n i t r i l e  

w i t h   h y d r o g e n   b r o m i d e   in   m e t h a n o l   to   f o rm  b e t a -  

b r o m o - a l p h a - t r i f l u o r o m e t h y l p r o p i o n a m i d e ,   r e a c t i n g   t h e  

a m i d e   w i t h   u r e a   or  a c e t y l u r e a ,   and   c y c l i z i n g   t h e  

r e s u l t i n g   c o m p o u n d   in   h y d r o c h l o r i c   a c i d   [ C .  

H e i d e l b e r g e r ,   D.  G.  P a r s o n s   and   D.  C.  Remy,  J .   M e d .  

C h e m . ,   7 ,   1  ( 1 9 6 4 ) ] .  

The  a b o v e   c o n v e n t i o n a l   m e t h o d   i n c l u d e s   m a n y  

s t e p s ,   and   t h e   t o t a l   y i e l d   a t t a i n e d   i s   as   low  as  7  t o  

16  %.  I t   h a s   n e v e r   p r o v e d   to   be  c o m m e r c i a l l y   s a t i s -  

f a c t o r y .  

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  
n o v e l   and   c o m m e r c i a l   p r o c e s s   f o r   p r o d u c i n g  t h e   5 -  

p e r f l u o r o a l k y l d i h y d r o u r a c i l   d e r i v a t i v e s   of  g e n e r a l  

f o r m u l a   (I)   a b o v e .  

A n o t h e r   o b j e c t   o f  t h i s   i n v e n t i o n   i s   to   p r o v i d e  

n o v e l   i n t e r m e d i a t e   c o m p o u n d s   w h i c h   a r e  u s e f u l   f o r   t h e  

a b o v e   m a n u f a c t u r i n g   p r o c e s s .  
O t h e r   o b j e c t s   and   a d v a n t a g e s   of  t h i s   i n v e n t i o n  

w i l l   b e c o m e   a p p a r e n t   f r o m   t h e   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   5 -  

p e r f l u o r o a l k y l d i h y d r o u r a c i l   d e r i v a t i v e s   of  f o r m u l a  ( I )  

a r e   p r e p a r e d   by  a  p r o c e s s   w h i c h   c o m p r i s e s  

(a)  r e a c t i n g   a  c o m p o u n d   of   t h e   g e n e r a l   f o r m u l a  

w h e r e i n   X  r e p r e s e n t s   a  h a l o g e n   a t o m  

or  a  h y d r o x y l   g r o u p   and   Rf  i s   a s  

d e f i n e d   a b o v e ,  

w i t h   a  u r e a   d e r i v a t i v e   of   t h e   g e n e r a l   f o r m u l a  



w h e r e i n   R1,  R 2  a n d   Y  a r e   a s  

d e f i n e d   a b o v e ,  

p r o v i d e d   t h a t   when  X  i s   a  h y d r o x y l   g r o u p   and  a t   l e a s t  

one  of  R1  and  R2  i s   a  h y d r o g e n   a t o m ,   s a i d   r e a c -  

t i o n   i s   c a r r i e d   o u t   in   t h e   p r e s e n c e   of  a  c o n d e n s i n g  

a g e n t ,   o r  

(b)  c y c l i z i n g   a  c o m p o u n d   of  t h e   g e n e r a l  

f o r m u l a  

w h e r e i n   Rf ,   R1,  R2  and   Y  a r e   a s  

d e f i n e d   a b o v e .  

In  f o r m u l a e   ( I ) ,   ( I I )   and   ( I V ) ,   t h e   " p e r f l u o r o -  

a l k y l   g r o u p "   r e p r e s e n t e d   by  Rf  i s   a  g r o u p   r e s u l t i n g  

f r o m   s u b s t i t u t i o n   of  f l u o r i n e   a t o m s   f o r   a l l   of  t h e  

h y d r o g e n   a t o m s   b o n d e d   to   t h e   c a r b o n   a tom  or  a t o m s   o f  

an  a l k y l   g r o u p ,   and  may  be  l i n e a r  o r   b r a n c h e d .   I t  

may  c o n t a i n   1  to   20 ,   p r e f e r a b l y   1  to   5,  c a r b o n  

a t o m s .   E x a m p l e s   of  t h e   p e r f l u o r o a l k y l   g r o u p   i n c l u d e  

t r i f l u o r o m e t h y l ,   p e n t a f l u o r o e t h y l ,   n - h e p t a f l u o r o -  

p r o p y l ,   h e p t a f l u o r o - i s o p r o p y l ,   n o n a f l u o r o b u t y l ,  

n o n a f l u o r o - i s o b u t y l ,   n o n a f l u o r o - s e c - b u t y l ,  n o n a f l u o r o -  

t e r t - b u t y l ,   p e r f l u o r o p e n t y l ,   p e r f l u o r o h e p t y l   a n d  

p e r f l u o r o o c t y l .   Lower   p e r f l u o r o a l k y l   g r o u p s ,   p a r -  

t i c u l a r l y   t r i f l u o r o m e t h y l ,   a r e   p r e f e r r e d .  

In  t h e   p r e s e n t   s p e c i f i c a t i o n ,   t h e   t e r m   " l o w e r "  

i s   u s e d   to   show  t h a t   a  c o m p o u n d   or  g r o u p   q u a l i f i e d   b y  
t h i s   t e r m   h a s   n o t   more   t h a n  5   c a r b o n   a t o m s .  

The  " a l k y l   g r o u p "   r e p r e s e n t e d   by  R1  a n d / o r  
R2  i n  f o r m u l a   ( I I I )   may  be  l i n e a r   or  b r a n c h e d ,   a n d  

i n c l u d e s ,   f o r   e x a m p l e ,   m e t h y l s   e t h y l ,   p r o p y l ,   i s o -  

p r o p y l ,   b u t y l ,   i s o b u t y l ,   s e e - b u t y l ,   t e r t - b u t y l ,  

p e n t y l ,   i s o a m y l ,   h e x y l ,   h e p t y l ,   o c t y l ,   2 - e t h y l h e x y l  

and  d e c y l .   P r e f e r a b l y ,   t h e s e   a l k y l   g r o u p s   c o n t a i n   u p  



to   10  c a r b o n   a t o m s ,   and  more   p r e f e r a b l y   t h e y  a r e  

l o w e r   a l k y l   g r o u p s .   The  " c y c l o a l k y l   g r o u p "   m a y  

g e n e r a l l y   c o n t a i n   3  to   10  c a r b o n   a t o m s ,   and  m a y  
f u r t h e r   c o n t a i n   a  l o w e r   a l k y l   g r o u p   s u c h   as  m e t h y l   o n  

t h e   r i n g .   E x a m p l e s   i n c l u d e   c y c l o p r o p y l ,   c y c l o b u t y l ,  

c y c l o p e n t y l ,   c y c l o h e x y l ,   m e t h y l c y c l o h e x y l ,   c y c l o -  

h e p t y l ,   c y c l o o c t y l   and  c y c l o [ 4 . 4 . 0 ] d e c y l .   The  " a r y l  

g r o u p "   i n c l u d e s ,   f o r   e x a m p l e ,   p h e n y l ,   t o l y l ,   x y l y l  

and   n a p h t h y l ,   and   a  p h e n y l   g r o u p  i s   p r e f e r r e d .   T h e  

" a r a l k y l   g r o u p "   i s   an  a r y l - s u b s t i t u t e d   a l k y l   g r o u p   i n  

w h i c h   t h e   a l k y l   and  a r y l   h a v e   t h e   a f o r e s a i d   m e a n i n g s . .  

E x a m p l e s   i n c l u d e   b e n z y l ,   a l p h a - p h e n e t h y l   and  b e t a -  

p h e n e t h y l .   B e n z y l   i s   p r e f e r r e d .   The   " h e t e r o c y c l i c  

g r o u p "   i n c l u d e s   5-  or  6 - m e m b e r e d   h e t e r o c y c l i c  g r o u p s  

s u c h  a s   t e t r a h y d r o f u r y l ,   f u r y l ,   2 - o x o - 3 - t e t r a -  

h y d r o f u r y l ,   2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - b e t a - D -  

g l u c o p y r a n o s y l   or  3 , 5 - d i - O - b e n z o y l - d e o x y - b e t a - D - 2 -  

r i b o f u r a n o s y l .  

I n   e m b o d i m e n t   (a)  of  t h e   p r o c e s s   of  t h i s  

i n v e n t i o n ,   t h e   a l p h a - p e r f l u o r o a l k y l a c r y l i c   a c i d   o r  

i t s   h a l i d e   of  f o r m u l a   ( I I )   i s  r e a c t e d   w i t h   t h e  

( t h i o ) u r e a   d e r i v a t i v e   of  f o r m u l a   ( I I I ) .  

T h i s   r e a c t i o n   can   be  c a r r i e d   o u t   in   t h e  

a b s e n c e   of  s o l v e n t .   U s u a l l y ,   h o w e v e r ,   i t   i s   p e r -  
f o r m e d   in  a  s o l v e n t   w h i c h   d o e s   n o t   p a r t i c i p a t e   in   t h e  

r e a c t i o n . '   For  e x a m p l e ,   t h e r e   can   be  u s e d   e t h e r  

s o l v e n t s   s u c h   as  t e t r a h y d r o f u r a n ,   d i b u t y l   e t h e r ,  .  

d i o x a n e ,   d i m e t h o x y e t h a n e   and  d i g l y m e ,   h y d r o c a r b o n  

s o l v e n t s   s u c h   as  b e n z e n e ,   t o l u e n e   and  x y l e n e ,   a p r o t i c  

p o l a r   s o l v e n t s   s u c h   as   d i m e t h y l f o r m a m i d e   ( D M F ) ,  

d i m e t h y l s u l f o x i d e   (DMSO),  1 , 3 - d i m e t h y l - 2 - i m i d a z o l i -  

d i n o n e ,   h e x a m e t h y l p h o s p h o n a m i d e   and  a c e t o n i t r i l e .   O f  

t h e s e ,   a p r o t i c   p o l a r   s o l v e n t s   a r e   p r e f e r r e d .  

When  a  c o m p o u n d   of  f o r m u l a   ( I I )   in  w h i c h   X .  

r e p r e s e n t s   a  h y d r o x y l   g r o u p   and  a  c o m p o u n d   of  f o r m u l a  

( I I I )   in   w h i c h   a t   l e a s t   one  of  R1  a n d  R 2  i s   a  



h y d r o g e n   a tom  a r e   u s e d   as  t h e   s t a r t i n g   m a t e r i a l s ,  

t h i s   r e a c t i o n   i s   c a r r i e d   o u t   in   t h e   p r e s e n c e   of  a  

c o n d e n s i n g   a g e n t .   Even  in  t h e   a b s e n c e   of  a  c o n d e n -  

s i n g   a g e n t ,   t h e   d e s i r e d   c o m p o u n d   of  f o r m u l a   (I)   m a y  

s o m e t i m e s   be  f o r m e d   in   a  v e r y   low  y i e l d   as  s e e n ,   f o r  

e x a m p l e ,   in  E x a m p l e   9  g i v e n   h e r e i n b e l o w .   T h e  

p r e s e n c e   of  a  c o n d e n s i n g   a g e n t ,   h o w e v e r ,   can   a l w a y s  

l e a d   to   h i g h   y i e l d s   of  t h e   d e s i r e d   c o m p o u n d   o f  

f o r m u l a   ( I ) .   E x a m p l e s   of  t h e   c o n d e n s i n g   a g e n t   w h i c h  

can  be  u s e d   in   t h i s   i n v e n t i o n   i n c l u d e   d i c y c l o h e x y l -  

c a r b o d i i m i d e   (DCC),   p o l y p h o s p h o r i c   a c i d ,   p - t o l u e n e -  

s u l f o n i c   a c i d   and  c a r b o x y l i c   a c i d   a n h y d r i d e s   of  t h e  

f o r m u l a   (R3CO)20   ( w h e r e i n   R3  r e p r e s e n t s   a  

h y d r o g e n   a t o m ,   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   h a l o a l k y l  

g r o u p   or  an  a r y l   g r o u p ,   or  t h e   two  R3 is  may  t o -  

g e t h e r   f o r m   a  l o w e r   a l k y l e n e   g r o u p )   s u c h   as  f o r m i c  

a n h y d r i d e ,   a c e t i c   a n h y d r i d e ,   p r o p i o n i c   a n h y d r i d e ,  

t r i f l u o r o a c e t i c   a n h y d r i d e ,   b e n z o i c   a n h y d r i d e ,  

s u c c i n i c   a n h y d r i d e ,   g l u t a r i c   a n h y d r i d e ,   and  a d i p i c  

a n h y d r i d e ,  

Of  t h e s e   c o n d e n s i n g   a g e n t s ,   DCC  and  c a r b o x y l i c  
a c i d   a n h y d r i d e s , p a r t i c u l a r l y   a c e t i c   a n h y d r i d e ,   a r e  

p r e f e r r e d .   The  a m o u n t   of  t h e   c o n d e n s i n g   a g e n t  u s e d   i s  

n o t  c r i t i c a l .   G e n e r a l l y ,   i t   i s   1  to   10  m o l e s   p e r  
m o l e  o f   t h e   c o m p o u n d   of  f o r m u l a   ( I ) .   The  c a r b o x y l i c  

a c i d   a n h y d r i d e  m a y   be  u s e d   in   l a r g e   e x c e s s   to   c a u s e  

i t   to   s e r v e   a l s o   as  a  s o l v e n t .  

When  a  c o m p o u n d   of  f o r m u l a   ( I I )   in  w h i c h   X  i s  

a  h a l o g e n   a tom  i s   u s e d ,   and  p a r t i c u l a r l y   when  t h e  

( t h i o ) u r e a   d e r i v a t i v e   of  f o r m u l a   ( I I I )   h a v i n g   a  
f u n c t i o n a l   s u b s t i t u e n t   s e n s i t i v e   to   h y d r o g e n   h a l i d e  

g e n e r a t e d   d u r i n g   t h e   r e a c t i o n   i s   u s e d ,   t h e   a b o v e  

r e a c t i o n   i s   c a r r i e d   o u t   o p t i o n a l l y   in   t h e   p r e s e n c e   o f  

an  a c i d - t r a p p i n g   a g e n t .   E x a m p l e s   of  a c i d - t r a p p i n g  

a g e n t s   t h a t   can   be  u s e d  f o r   t h i s   p u r p o s e   i n c l u d e  

t e r t i a r y   a m i n e s   s u c h   as  t r i e t h y l a m i n e ,   p y r i d i n e   a n d  



N - m e t h y l m o r p h o l i n e ,   and  a l k a l i e s   such   as  s o d i u m  

h y d r o g e n   c a r b o n a t e ,   s o d i u m   c a r b o n a t e ,   s o d i u m  

h y d r o x i d e   and   p o t a s s i u m   h y d r o x i d e .   The  a m o u n t   of  t h e  

a c i d - t r a p p i n g   a g e n t   u s e d   i s   n e i t h e r   c r i t i c a l .   I t s  

s u i t a b l e   a m o u n t   i s   g e n e r a l l y   1  to   5,  p r e f e r a b l y   1  t o  

1 . 2 ,   e q u i v a l e n t s ,   p e r   mo le   o f  t h e   c o m p o u n d   of  f o r m u l a  

( I I )  .  

The  t e m p e r a t u r e   a t   w h i c h  t h e   a b o v e   r e a c t i o n  i s  

c a r r i e d   o u t   i s   n o t   s t r i c t l y   l i m i t e d ,   and  can   b e  

v a r i e d   d e p e n d i n g   upon   t h e   t y p e s   of  t h e   s t a r t i n g  

m a t e r i a l s ,   e t c .   G e n e r a l l y ,   i t   i s   a b o u t   -50   °C  t o  

t h e   r e f l u x i n g   t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e ,  

p r e f e r a b l y   a b o u t   -20   °C  to   a b o u t   120  °C.  T h e  

more   p r e f e r r e d   r e a c t i o n   t e m p e r a t u r e  m a y   be  s e l e c t e d  

s u i t a b l y   a c c o r d i n g   to   t h e   s t a r t i n g   c o m p o u n d   o f  

f o r m u l a   ( I I )   u s e d .   For   e x a m p l e ,   when  c o m p o u n d   o f  

f o r m u l a   ( I I )   in   w h i c h   X  i s   a  h a l o g e n   a t o m  i s   u s e d ,  

r e l a t i v e l y   low  r e a c t i o n   t e m p e r a t u r e s   of  a b o u t   - 2 0  
°C  to   a b o u t   5 0  ° C  a r e   a d v a n t a g e o u s l y   u s e d .   W h e n  

a  c o m p o u n d   of  f o r m u l a   ( I I )   in   w h i c h   X  r e p r e s e n t s  a  

h y d r o x y l   g r o u p   i s   to   be  r e a c t e d   w i t h  a   c o m p o u n d   o f  

f o r m u l a   ( I I I )   in  w h i c h   a t   l e a s t   o n e  o f   R1  and  R2 

r e p r e s e n t s   a  h y d r o g e n   a tom  in  t h e   p r e s e n c e   of  t h e  

a f o r e s a i d   c o n d e n s i n g   a g e n t ,   r e a c t i o n  t e m p e r a t u r e s   i n  

t h e   r a n g e   of  a b o u t   - 2 0   °C  to   a b o u t   120  °C  a r e  

p r e f e r r e d .   In  t h e   r e a c t i o n   of  a  c o m p o u n d   of  f o r m u l a  

( I I )   in   w h i c h   X  r e p r e s e n t s  a   h y d r o x y l   g r o u p   w i t h   a  

c o m p o u n d   of  f o r m u l a   ( I I I )   in   w h i c h   R1  and   R 2 . b o t h  

r e p r e s e n t   s u b s t i t u e n t s  o t h e r   t h a n   a  h y d r o g e n   a t o m ,  

r e l a t i v e l y   e l e v a t e d   t e m p e r a t u r e s   of  a b o u t   50  °C  t o .  

a b o u t   200  °C,  e s p e c i a l l y   a b o u t - 8 0   °C  to   a b o u t   1 2 0  
°C,  a r e   c o n v e n i e n t l y   u s e d .  

The  a m o u n t   of  t h e   c o m p o u n d   of  f o r m u l a   ( I I I )  

r e l a t i v e   to   t h e   c o m p o u n d   of  f o r m u l a   ( I I )   i s   n o t  

c r i t i c a l ,   and  can   be  v a r i e d   d e p e n d i n g   u p o n  t h e   t y p e s  

of  t h e   s t a r t i n g   m a t e r i a l s   u s e d ,   e t c .  G e n e r a l l y ,   i t s  



s u i t a b l e   a m o u n t   i s   0 . 5   to   2  m o l e s   pe r   mole   of  t h e  

c o m p o u n d   of  f o r m u l a   ( I I ) .  

-   The  a l p h a - p e r f l u o r o a l k y l a c r y l i c   a c i d   or  i t s  

h a l i d e   of  f o r m u l a   ( I I )   u s e d   as  a  s t a r t i n g   m a t e r i a l   i n  

t h e   a b o v e   r e a c t i o n   can   be  o b t a i n e d ,   f o r   e x a m p l e ,   b y  

r e a c t i n g   an  @ - h a l o - @ - p e r f l u o r o a l k y l e t h y l e n e ,   c a r b o n  

m o n o x i d e   and  w a t e r   and  as  r e q u i r e d ,   h a l o g e n a t i n g   t h e  

r e a c t i o n   p r o d u c t .   For  s p e c i f i c   r e a c t i o n   c o n d i t i o n s  

f o r   t h i s   r e a c t i o n ,   r e f e r e n c e   may  be  had   to   R e f e r e n -  

t i a l   E x a m p l e s   1  to   3  g i v e n   h e r e i n b e l o w .   E x a m p l e s   o f  

t h e   c o m p o u n d   of  f o r m u l a   ( I I )   i n c l u d e   a l p h a - t r i f l u o r o -  

m e t h y l a c r y l i c   a c i d ,   a l p h a - p e n t a f l u o r o e t h y l a c r y l i c  

a c i d ,   a l p h a - h e p t a f l u o r o p r o p y l a c r y l i c  a c i d ,   a l p h a -  

h e p t a f l u o r o - i s o p r o p y l a c r y l i c   a c i d ,   a l p h a - n o n a -  

f l u o r o b u t y l a c r y l i c   a c i d ,   a l p h a - n o n a f l u o r o - i s o b u t y l -  

a c r y l i c   a c i d ,   a l p h a - n o n a f l u o r o - s e c - b u t y l a c r y l i c   a c i d ,  

a l p h a - n o n a f l u o r o - t e r t - b u t y l a c r y l i c   a c i d ,   a l p h a -  

p e r f l u o r o p e n t y l a c r y l i c   a c i d ,  a l p h a - p e r f l u o r o h e p t y l -  

a c r y l i c   a c i d ,   a l p h a - p e r f l u o r o o c t y l a c r y l i c  a c i d ,   a n d  

t h e  c o r r e s p o n d i n g   h a l i d e s   s u c h  a s   t h e   c h l o r i d e s  a n d  

b r o m i d e s   t h e r e o f .  

The  ( t h i o ) u r e a   d e r i v a t i v e s   of   f o r m u l a   ( I I I )   t o  

be  r e a c t e d   w i t h   t h e  c o m p o u n d s   of  f o r m u l a   ( I I )   a r e  

known  c o m p o u n d s   or  can   be  p r o d u c e d   in   a c c o r d a n c e   w i t h  

t h e   m e t h o d s   of  p r o d u c t i o n   of  t h e   known  c o m p o u n d s .  

E x a m p l e s   i n c l u d e   u r e a ,   m e t h y l u r e a ,   e t h y l u r e a ,   c y c l o -  

h e x y l u r e a ,   p h e n y l u r e a ;   b e n z y l u r e a ,   2 - t e t r a h y d r o -  

f u r y l u r e a ,   1 , 3 - d i m e t h y l u r e a ,   1 , 3 - d i p h e n y l u r e a ,   1 , 3 -  

d i b e n z y l u r e a ,   1 - m e t h y l - 3 - ( 2 - t e t r a h y d r o f u r y l ) u r e a ,   a n d  

t h e   c o r r e s p o n d i n g   t h i o u r e a   d e r i v a t i v e s .  

In  e m b o d i m e n t   (b)  of  t h e   p r o c e s s   in   a c c o r d a n c e  

w i t h   t h i s   i n v e n t i o n f   t h e   c o m p o u n d   of  f o r m u l a   (IV)  i s  

c y c l i z e d o  

The  c y c l i z a t i o n   r e a c t i o n   can   be  c a r r i e d   o u t   i n  

t h e   a b s e n c e   of  a  s o l v e n t .   U s u a l l y ,   h o w e v e r ,   i t   i s  

c a r r i e d   o u t   in  a  s o l v e n t   w h i c h   d o e s   n o t   p a r t i c i p a t  



in   t h e   r e a c t i o n .   E x a m p l e s   of  t h e   s o l v e n t   a r e   e t h e r  

s o l v e n t s   s u c h   as  t e t r a h y d r o f u r a n ,   d i b u t y l   e t h e r ,  

d i o x a n e ,   d i m e t h o x y e t h a n e   and   d i g l y m e ,   h y d r o c a r b o n  

s o l v e n t s   s u c h   as  b e n z e n e ,   t o l u e n e   and  x y l e n e ,   a p r o t i c  

p o l a r   s o l v e n t s   s u c h   as   d i m e t h y l f o r m a m i d e ,   d i m e t h y l  

s u l f o x i d e ,   1 , 3 - d i m e t h y l - 2 - i m i d a z o l i d i n o n e ,   h e x a m e t h y l -  

p h o s p h o n a m i d e   and   a c e t o n i t r i l e .  

The  c y c l i z a t i o n   may  be  c a r r i e d   o u t   in   t h e  

p r e s e n c e   of  t h e   same  c o n d e n s i n g   a g e n t   as  d e s c r i b e d  

a b o v e ,   p r e f e r a b l y   d i c y c l o h e x y l c a r b o d i i m i d e  ( D C C )   a n d  

a c e t i c   a n h y d r i d e .   The  a m o u n t   of  t h e   c o n d e n s i n g   a g e n t  

i s   n o t   c r i t i c a l .   A d v a n t a g e o u s l y ,   i t   i s  u s e d  g e n e r -  

a l l y   in   an  a m o u n t   of  1  t o   1 . 2   m o l e s   pe r   m o l e  o f   t h e  

c o m p o u n d   of  f o r m u l a   ( I V ) .   When  t h e   c o n d e n s i n g  a g e n t  

i s   a  c a r b o x y l i c   a c i d  a n h y d r i d e ,   i t   may  be  u s e d  i n  

l a r g e   e x c e s s   to   c a u s e  i t   to   s e r v e   a l s o   as  a  s o l v e n t .  

The  c y c l i z a t i o n   r e a c t i o n   t e m p e r a t u r e   i s   n e i -  

t h e r   c r i t i c a l ,  a n d   can   be  v a r i e d   w i d e l y   d e p e n d i n g  

upon  t h e   t y p e s   of  t h e   c o m p o u n d   of  f o r m u l a   (IV)  a n d  

t h e   c o n d e n s i n g  a g e n t ,  e t c .   The  t e m p e r a t u r e   i s   g e n e r -  

a l l y   a b o u t   -20   °C  to   a b o u t   200  °C,  p r e f e r a b l y  

a b o u t   0  °C  to   a b o u t   120  ° C .  

The  c o m p o u n d   o f . f o r m u l a   (IV)  u s e d   as  a  s t a r t -  

i n g   m a t e r i a l  i n   t h i s   r e a c t i o n   i s  a   n o v e l   c o m p o u n d   n o t  

d e s c r i b e d   in   t h e   p r i o r   l i t e r a t u r e ,  a n d   can   be  p r o -  
d u c e d   by  t h e   a d d i t i o n - r e a c t i o n   of  a  ( t h i o ) u r e a  d e r i v a -  

t i v e   of  t h e   f o l l o w i n g   f o r m u l a  

w h e r e i n   R l ,   R2  and  Y  a r e   a s  d e f i n e d  a b o v e ,  

w i t h   an  a l p h a - p e r f l u o r o a l k y l a c r y l i c   a c i d   of  t h e  

f o l l o w i n g   f o r m u l a  



w h e r e i n   Rf  i s   as  d e f i n e d   h e r e i n a b o v e .  

The  a b o v e   a d d i t i o n - r e a c t i o n   can  be  c a r r i e d   o u t  

in  a  s o l v e n t   of  t h e   t y p e s   e x e m p l i f i e d   h e r e i n a b o v e  

w i t h   r e g a r d   to   t h e   r e a c t i o n   of  t h e   c o m p o u n d   o f  

f o r m u l a   ( I I )   w i t h   t h e   c o m p o u n d   of  f o r m u l a   ( I I I ) .   T h e  

r e a c t i o n   can   be  a d v a n t a g e o u s l y   c a r r i e d   o u t   u n d e r  

h e a t i n g   c o n d i t i o n s   g e n e r a l l y   a t   a  t e m p e r a t u r e   of  f r o m  

a b o u t   50  °C  to   t h e   r e f l u x i n g   t e m p e r a t u r e   of  t h e  

r e a c t i o n   m i x t u r e ,   p r e f e r a b l y   f rom  a b o u t   80  °C  t o  

a b o u t   150  ° C .  

The  a m o u n t   of  t h e   c o m p o u n d   of  f o r m u l a   ( I I I )  

r e l a t i v e   to   t h e   c o m p o u n d   of  f o r m u l a   ( I I - 1 )   i s   n o t  

c r i t i c a l .   The  s u i t a b l e   a m o u n t   of  t h e   c o m p o u n d   o f  

f o r m u l a   ( I I I )   i s   g e n e r a l l y   0 .5   to   10  m o l e s ,   p r e -  

f e r a b l y   1  to  2  m o l e s ,   p e r   mole   of  t h e   c o m p o u n d   o f  

f o r m u l a   ( I I - 1 ) .  

The  c o m p o u n d   of  f o r m u l a   (IV)  can   be  i s o l a t e d  

f r o m  t h e   r e a c t i o n   m i x t u r e   and  p u r i f i e d   by  m e t h o d s  

known  p e r   se  s u c h   as  c h r o m a t o g r a p h y ,   r e c r y s t a l l i z a -  

t i o n ,   or  d i s t i l l a t i o n . . B u t   w i t h o u t   i s o l a t i n g   i t ,   i t s  

c y c l i z a t i o n   may  be  c a r r i e d   o u t   s u c c e s s i v e l y   to   t h e  

a d d i t i o n - r e a c t i o n   as  a  o n e - p o t   p r o c e s s ,   and  t h i s   i s  

p r e f e r r e d .  

T y p i c a l   e x a m p l e s   of  t h e   c o m p o u n d   of  f o r m u l a  

(IV)  a r e   g i v e n   b e l o w .  

( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) u r e a ,  

( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) -  

t h i o u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) t h i o u r e a ,  

1 , 3 - d i m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) u r e a ,  



1 , 3 - d i m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) t h i o u r e a ,  

l - e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l )   u r e a ,  

l - e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) t h i o u r e a ,  

1 - p h e n y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) u r e a ,  

1 - p h e n y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) t h i o u r e a ,  

1 , 3 - p h e n y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l )   u r e a ,  

1 , 3 - p h e n y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) t h i o u r e a ,  

l - p h e n y l - 3 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) u r e a ,  

1 - p h e n y l - 3 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) t h i o u r e a ,  

I - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) t h i o u r e a ,  

1 - m e t h y l - 1 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) u r e a ,  

1 - m e t h y l - 1 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l ) t h i o u r e a ,  

1 - t e t r a h y d r o f u r y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) u r e a ,  

1 - t e t r a h y d r o f u r y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) t h i o u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 4 -  

p e n t a f l u o r o b u t y l ) u r e a ,  

l - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 4 -  

p e n t a f l u o r o b u t y l ) t h i o u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 4 -  

p e n t a f l u o r o b u t y l ) u r e a ,  



1 - b e n z y l - 3 - ( . 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 4 -  

p e n t a f l u o r o b u t y l ) t h i o u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 5 -  

h e p t a f l u o r o p e n t y l ) u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 5 -  

h e p t a f l u o r o p e n t y l ) t h i o u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 5 -  

h e p t a f l u o r o p e n t y l ) u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 5 -  

h e p t a f l u o r o p e n t y l ) t h i o u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 6 , 6 , 6 -  

n o n a f l u o r o h e x y l ) u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 6 , 6 , 6 -  

n o n a f l u o r o h e x y l ) t h i o u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 6 , 6 , 6 -  

n o n a f l u o r o h e x y l )  u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 4 , 4 , 5 , 5 , 6 , 6 , 6 -  

n o n a f l u o r o h e x y l ) t h i o u r e a ,  

l - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 2 - p e r f l u o r o o c t y l -  

e t h y l ) u r e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 2 - p e r f l u o r o o c t y l -  

e t h y l ) t h i o u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 2 - p e r f l u o r o o c t y l -  

e t h y l ) u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 2 - p e r f l u o r o o c t y l -  

e t h y l ) t h i o u z e a ,  

1 - m e t h y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 2 - p e r f l u o r o - i s o -  

p r o p y l - e t h y l ) u r e a ,  

1 - m e t h y l - 3 - ( 2 - b y d r o x y c a r b o n y l - 2 - p e r f l u o r o - i s o -  

p c o p y l - e t h y l ) t h i o u r e a ,  

1 - b e n s y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 2 - p e r f l u o r o - i s o -  

p r o p y l - e t h y l ) u r e a ,  

1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 2 - p e r f l u o r o - i s o -  

p r o p y l - e t h y l ) t h i o u r e a ,  

1 - f u r y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o -  

p r o p y l )   u r e a ,  



1 - ( 2 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - S - D - g l u c o p y r a n o s y l ) -  

3 - ( 2 - h y d r o x y l c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) t h i o u r e a ,  

a n d  

1 - ( 3 , 5 - d i - 0 - b e n z o y l - 2 - d e o x y l - β - D - r i b o f u r a n o s y l ) -  

3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) u r e a .  

The  c o m p o u n d   of  f o r m u l a   ( I )   p r o d u c e d   by  e m b o d i -  

m e n t   (a)  or  (b)  c an   be  i s o l a t e d   f r o m   t h e   r e a c t i o n  

m i x t u r e ,   and   p u r i f i e d ,   by  m e t h o d s   known  p e r  s e   s u c h  

as  c h r o m a t o g r a p h y ,   r e c r y s t a l l i z a t i o n ,   and  d i s t i l l a -  

t i o n .  

T y p i c a l   e x a m p l e s   of  t h e   c o m p o u n d   o f  

f o r m u l a   (I)   p r o v i d e d   by  t h e   p r o c e s s  o f   t h i s   i n v e n t i o n  

a r e   g i v e n   b e l o w .  

5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

l - m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

1 - m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

3 - m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

1 , 3 - d i m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

l , 3 - d i m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 -  

t h i o u r a c i l ,  

3 - p h e n y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - p h e n y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

3 - b e n z y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - b e n z y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

1 - p h e n y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

1 - p h e n y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

1 - b e n z y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

1 - b e n z y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

1 - t e t r a h y d r o f u r y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

1 - t e t r a h y d r o f u r y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 -  

t h i o u r a c i l ,  

3 - t e t r a h y d r o f u r y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - t e t r a h y d r o f u r y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 -  

t h i o u r a c i l ,  

5 - p e n t a f l u o r o e t h y l d i h y d r o u r a c i l ,  



5 - p e n t a f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

3 - m e t h y l - 5 - p e n t a f l u o r o e t h y l d i h y d r o u r a c i l ,  

3 - m e t h y l - 5 - p e n t a f l u o r o e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

5 - h e p t a f l u o r o p r o p y l d i h y d r o u r a c i l ,  

5 - h e p t a f l u o r o p r o p y l d i h y d r o - 2 - t h i o u r a c i l ,  

5 - n o n a f l u o r o b u t y l d i h y d r o u r a c i l ,  

5 - n o n a f l u o r o b u t y l d i h y d r o - 2 - t h i o u r a c i l ,  

5 - h e p t a f l u o r o - i s o - p r o p y l d i h y d r o u r a c i l ,  

5 - h e p t a f l u o r o - i s o - p r o p y l d i h y d r o - 2 - t h i o u r a c i l ,  

5 - n o n a f l u o r o - i s o - b u t y l d i h y d r o u r a c i l ,  

5 - n o n a f l u o r o - i s o - b u t y l d i h y d r o - 2 - t h i o u r a c i l ,  

5 - n o n a f l u o r o - s e c - b u t y l d i h y d r o u r a c i l ,  

5 - n o n a f l u o r o - s e c - b u t y l d i h y d r o - 2 - t h i o u r a c i l ,  

5 - n o n a f l u o r o - t e r t - b u t y l d i h y d r o u r a c i l ,  

5 - n o n a f l u o r o - t e r t - b u t y l d i h y d r o - 2 - t h i o u r a c i l ,  

5 - p e r f l u o r o o c t y l d i h y d r o u r a c i l ,  

5 - p e r f l u o r o o c t y l d i h y d r o - 2 - t h i o u r a c i l ,  

3 - t e t r a h y d r o f u r y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - t e t r a h y d r o f u r y l - 5 - t r i f l u o r o m e t h y l d i h y d r o - 2 -  

t h i o u r a c i l ,  

1 , 3 - b i s ( t e t r a h y d r o f u r y l ) - 5 - p e n t a f l u o r o e t h y l -  

d i h y d r o u r a c i l ,  

1 , 3 - b i s ( t e t r a h y d r o f u r y l ) - S - p e n t a f l u o r o e t h y l d i h y d r o -  

2 - t h i o u r a c i l ,  

3 - f u r y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - f u r y l - 5 - t r f i l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

3 - ( 2 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - β - D - g l u c o p y r a n o s y l ) - 5 -  

t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - ( 2 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - β - D - g l u c o p y r a n o s y l ) - 5 -  

t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

3 - ( 3 , 5 - d i - o - b e n z o y l - 2 - d e o x y - B - r i b o f u r a n o s y l ) - 5 -  

t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,  

3 - ( 3 , 5 - d i - o - b e n z o y l - 2 - d e o x y - β - D - r i b o f u r a n o s y l ) -  

5 - t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l ,  

3 - ( 2 , 3 , 5 - t r i - o - b e n z o y l - β - D - r i b o f u r a n o s y l ) - 5 -  

t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,   a n d  



3 - ( 2 , 3 , 5 - t r i - o - b e n z o y l - β - D - r i b o f u r a n o s y l ) - 5 -  

t r i f l u o r o m e t h y l d i h y d r o - 2 - t h i o u r a c i l .  

Of  t h e   c o m p o u n d s   of  f o r m u l a   (I)   p r o d u c e d   b y  

t h e   p r o c e s s   of   t h i s   i n v e n t i o n ,   a  c o m p o u n d   c o r r e s -  

p o n d i n g   to   f o r m u l a   (I)   in   w h i c h   Rf  i s   t r i f l u o r o -  

m e t h y l   and  b o t h   R   and  R2  a r e   h y d r o g e n   a t o m s ,  

i . e .   5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l ,   i s   an  i m p o r t a n t  

i n t e r m e d i a t e   f o r   t h e   p r o d u c t i o n   of  t r i f l u o r o t h y m i d i n e  

and   i t s   d e r i v a t i v e s   h a v i n g   a n t i c a n c e r   and  a n t i v i r a l  

a c t i v i t i e s .   I t   can   be  c o n v e r t e d   to   t r i f l u o r o -  

t h y m i d i n e   by  t h e   r o u t e   s c h e m a t i c a l l y   shown  b e l o w   ( f o r  

d e t a i l s   of  t h e   r e a c t i o n ,   s e e   C.  H e i d e l b e r g e r ,   D . G .  

P a r s o n s   and   D .C.   Remy,  J .   Med,  C h e m . ,   7,  1 ( 1 9 6 4 ) .  

Some  of  t h e   c o m p o u n d s   of  f o r m u l a   (I)   p r o d u c e d  

by  t h e   p r o c e s s   of  t h i s   i n v e n t i o n   h a v e   a n t i t u m o r  

a c t i v i t y   as  d e m o n s t r a t e d   by  t h e   f o l l o w i n g   a n i m a l  

e x p e r i m e n t ,   and  m a y  f i n d   u t i l i t y   as  an  a n t i c a n c e r  

a g e n t .  

A n i m a l   E x p e r i m e n t  

(1)  E x p e r i m e n t a l   a n i m a l s  

I n b r e d   m i c e ,   CDF1,  C3H/Me,   w e r e   p u r c h a s e d  

f r o m   C h a r l e s   R i v e r   J a p a n ,   I n c . ,   and  a f t e r   f e e d i n g  

them  f o r   one  w e e k ,   f i v e - w e e k   o l d   m a l e   m i c e   w e r e   u s e d  

in   t h e  e x p e r i m e n t . ( 6   p e r   g r o u p ) .  

(2)  E x p e r i m e n t a l   t u m o r  

Tumor  c e l l s   (1  x  106)  of  a s c i t i c   m a s t o -  

c a r c i n o m a   MM2  w e r e   t r a n s p l a n t e d   i n t o   t h e   a b d o m i n a l  

c a v i t y   of  e a c h   of  CDF1  and  C3H/Me  m i c e   to   g i v e  

t u m o r   b e a r i n g   m i c e .  



(3)  D o s a g e   and  a d m i n i s t r a t i o n   s c h e d u l e  

Each  of  t h e   c o m p o u n d s   p r o d u c e d   in   E x a m p l e s   1 

and  4  b e l o w   (OF-1  to   OF-3)   was  s u s p e n d e d   in   0.5%  CMC. 

The  s u s p e n s i o n   was  i n t r a p e r i t o n e a l l y   a d m i n i s t e r e d   t o  

t h e   m i c e   in   a  d o s e   of  50  m g / k g   c o n t i n u o u s l y   (1  to   5 

d a y s )   a f t e r   t r a n s p l a n t a t i o n   of  t h e   t u m o r   c e l l s .  

(4)  A s s e s s m e n t  

The  a n t i t u m o r   e f f e c t   was  a s s e s s e d   f r o m   t h e  

r a t e   of  a p o t h a n a s i a   (T/C  % ) .  

(5)  E x p e r i m e n t a l   r e s u l t s  

The  a n t i t u m o r   e f f e c t s   of  t h e   c o m p o u n d s   t e s t e d   o n  

mouse   a s c i t i c   m a s t o c a r c i n o m a   MM2  a r e   shown  in   T a b l e   2.  T h e  

a v e r a g e   n u m b e r   of  d a y s   of  s u r v i v a l   of  t h e   c o n t r o l   g r o u p  

was  1 6 . 5 + 0 . 4   d a y s .   As  a  r e s u l t   o f  a d m i n i s t e r i n g   50  m g / k g  

of  OF-1 ,   OF-2  and  O F - 3 ,   an  a p o t h a n a s i a   r a t e   of  a b o u t   33  t o  

a b o u t   52%  was  n o t e d .   Wi th   O F - 1 ,  O F - 2   and   O F - 3 ,   c a s e s   o f  

c o m p l e t e   c u r e   w e r e   o b s e r v e d .  





The  f o l l o w i n g   R e f e r e n t i a l   E x a m p l e s   and  E x a m p l e s  

i l l u s t r a t e   t h e   p r e s e n t   i n v e n t i o n   f u r t h e r .  

R e f e r e n t i a l   E x a m p l e  

A  m i x t u r e   o f  d i c h l o r o b i s ( t r i p h e n y l p h o s p h i n e )  

p a l l a d i u m   ( 5 . 5   g;  7 . 8 5   x  10 -3   m o l e ) ,   2 - b r o m o - 3 , 3 , 3 -  

t r i f l u o r o p r o p e n e   (139  g;  0 . 7 9 4   m o l e ) ,   w a t e r   (20  g ;  
1 . 1 1   m o l e s )   and  t r i e t h y l a m i n e   (109  g;  1 . 0 8   m o l e s )   i n  

t e t r a h y d r o f u r a n   (500  ml)  was  p u t   in   a  o n e - l i t e r   s t a i n l e s s  

s t e e l   a u t o c l a v e ,   and  h e a t e d   a t   75  t o  8 0   °C  w i t h   s t i r r i n g  
f o r   2  h o u r s   u n d e r   a  c a r b o n   m o n o x i d e   p r e s s u r e   of  35  

a t m o s p h e r e s .   2 N - H y d r o c h l o r i c   a c i d   was  a d d e d   t o  t h e  

r e a c t i o n   m i x t u r e ,   and  t h e   m i x t u r e   was  e x t r a c t e d   w i t h  

d i e t h y l   e t h e r   and  t h e n   d r i e d   o v e r   a n h y d r o u s   s o d i u m  

s u l f a t e .   D i s t i l l a t i o n   of  t h e   e x t r a c t   u n d e r   r e d u c e d  

p r e s s u r e   g a v e   7 4 . 1   g  ( y i e l d :   67  %)  of  @ - t r i f l u o r o -  

m e t h y l a c r y l i c   a c i d   h a v i n g   a  b o i l i n g   p o i n t   of  90  ° / 2 8   mmHg. 

m . p . :   5 2 . 5  -   5 3 . 0   °C 
1H  NMR  ( C D C 1 3 : T M S )  :   δ 6 . 5 2 ( q ,   J = 1 . 3 H z ,   1 H ) ,  

6 . 8 0   (q,   J = 1 . 8 H z ,   1H) ,   9 . 4 6   ( s ,   1 H ) .  
19F  NMR  ( C D C 1 3 : C F C 1 3 )  :   δ - 6 6 . 5 ( b s ) .  

IR  ( K B r ) :   3 6 0 0  -   2400  ( ν O - H ) ,   1 7 1 0  
( ν c = o ) ,   1630  ( ν c = c ) c m - 1 .  

Mass :   m/e  ( r e l .   i n t )  :   M+140  ( 6 7 ) ,  

123  ( 4 0 ) ,   120  ( 1 2 ) ,   101  ( 2 6 ) ,  

9 5  ( 2 6 ) ,   76  ( 7 3 ) ,   75  ( 5 6 ) ,  

73  ( 1 3 ) ,   69  ( 1 0 0 ) ,   53  ( 1 1 ) ,  

45  ( 5 4 ) ,   31  ( 1 7 ) ,  2 7   ( 1 2 ) ,   26  ( 1 4 ) .  
R e f e r e n t i a l   E x a m p l e   2 



T h i o n y l   c h l o r i d e   ( 1 1 . 5   ml;   158  m m o l e s )   was  a d d e d  

to   a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 1 9 . 7   g;  141  m m o l e s ) ,  

and  t h e   m i x t u r e   was  h e a t e d   u n d e r   r e f l u x   f o r   22  h o u r s .  

D i s t i l l a t i o n   of  t h e   r e a c t i o n   m i x t u r e   u n d e r   a t m o s p h e r i c  

p r e s s u r e   g a v e   1 4 . 7   g  ( y i e l d : 6 6 % )   of  a - t r i f l u o r o -  

m e t h y l a c r y l o y l   c h l o r i d e .   B . p .   8 9 - 9 0   ° C .  
1H  NMR  ( C D C 1 3 : T M S )  :   δ 6 . 8 9 ( m ,   1H),   7 . 0 6 ( m ,   1H) 
19F  NMR  ( C D C 1 3 : C F C 1 3 ) :   6 - 6 5 . 9 ( b s ) .  

R e f e r e n t i a l   E x a m p l e   3 

A  m i x t u r e  o f   d i c h l o r o b i s ( t r i p h e n y l p h o s p h i n e )  

p a l l a d i u m   (35  mg;  0 . 0 5   m m o l e ) ,   2 - b r o m o - 3 , 3 , 4 , 4 , 5 , 5 , 5 -  

h e p t a f l u o r o - l - p e n t e n e   ( 1 . 4 8   g;  5  m m o l e s ) ,   t r i e t h y l a m i n e  

( 1 . 4   ml ;   10  m m o l e s )   and   w a t e r   ( 0 . 1 3   g;  7  m m o l e s )   i n  

t e t r a h y d r o f u r a n   (5  ml)   was  p u t   i n t o   a  50  ml  s t a i n l e s s  

s t e e l   a u t o c l a v e ,   and   h e a t e d   a t   6 0  ° C   w i t h   s t i r r i n g   f o r  

24  h o u r s   u n d e r   a  c a r b o n   m o n o x i d e   p r e s s u r e   of  50  a t m o s -  

p h e r e s .   D i l u t e   h y d r o c h l o r i c   a c i d   was  a d d e d   to   t h e  

r e a c t i o n   m i x t u r e ,   and  t h e   m i x t u r e   was  e x t r a c t e d   w i t h  

d i e t h y l   e t h e r   and  d r i e d   o v e r   a n h y d r o u s   s o d i u m   s u l f a t e .  

The  s o l v e n t   was  e v a p o r a t e d ,   and  t h e   r e s i d u e   was  s u b -  

j e c t e d   to   p r e p a r a t i v e   GLC  to   g i v e   576  mg  ( y i e l d : 4 8 % )  

of  a - h e p t a f l u o r o p r o p y l a c r y l i c   a c i d .  
1H  NMR  ( C D C l 3 : T M S )  .   δ 6 . 6 0 ( b s ,   1H) ,   7 . 0 5  

( t ,   J = 2 H z ,   1H),   1 1 . 1   ( b s ,   1 H ) .  
19F  NMR  ( C D C 1 3 : C F C 1 3 ) :   6 - 8 0 . 5   ( t ,   J = l O H z ,   3 F ) ,  

- 1 0 9 . 7 ( m ,   2 F ) ,   - 1 2 4 . 4 ( b s ,   2 F ) .  

I R ( n e a t ) :   1 7 2 5 c m - 1   ( ν c = o ) ,  

1 6 3 5 c m - 1   ( ν c = o ) .  

M a s s :   m/e   ( r e l .   i n t ) :   M+240  ( 2 ) ,   101  ( 1 0 0 ) .  

E l e m e n t a l   a n a l y s i s :   C 6 H 3 F 7 0 2 :  
C(%)  H(%)  

C a l c u l a t e d   3 0 . 0 2   1 . 2 6  

Found   3 0 . 0 9   1 . 2 9  



E x a m p l e   1 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(700  mg;  5 .0   m m o l e s )   and  1 , 3 - d i m e t h y l u r e a   (441  m g ;  

5 .0   m m o l e s )   in   d i m e t h y l f o r m a m i d e   (DMF)  ( 3  m l )   w a s  

h e a t e d  a t   9 0  ° C   w i t h   s t i r r i n g  f o r   28  h o u r s .   D M F  w a s  

e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   and   t h e   r e s i d u e   w a s  

p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a g e l  

( c h l o r o f o r m )   to   g i v e   861  mg  ( y i e l d :   82  %)  of  1 , 3 -  

d i m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   ( O F - 1 ) .  

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M+210  ( 9 3 ) ,  

57  ( 1 0 0 ) .  

IR  ( n e a t ) :   1 7 2 5 ,   1 6 8 5 c m - 1   ( v c = o ) .  
1H  NMR  ( C D C 1 3 : T M S ) :   6 3 . 0 9   ( s ,   3 H ) ,  

3 . 2 0   ( s ,   3H) ,   3 . 2  -  3 . 7 ( m ,   3 H ) .  
19F  NMR  C D C 1 3 : C F C 1 3 ) :   6 - 6 7 . 9 ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 7 H 9 F 3 H 2 0 2 :  
C a l c u l a t e d   (%)  C,  4 0 . 0 1 ;   H,  4 . 3 2 ;   N,  1 3 . 3 3 .  

Found   (%)  C,  4 0 . 0 4 ;   H,  4 . 2 0 ;   N,  1 2 . 9 7 .  

E x a m p l e   2 



A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(700  mg;  5 .0   m m o l e s )   and  1 , 3 - d i m e t h y l t h i o u r e a   (552  m g ;  
5 .3   m m o l e s )   in   DMF  (3  ml)   was  h e a t e d   a t   9 0 ° C   w i t h  

s t i r r i n g   f o r   28  h o u r s .   DMF  was  e v a p o r a t e d   u n d e r   r e d u c e d  

p r e s s u r e ,   and  t h e   r e s i d u e   was  p u r i f i e d   by  a  c o l u m n  

c h r o m a t o g r a p h y   on  s i l i c a g e l   ( c h l o r o f o r m )   to   g i v e   294  mg 

( y i e l d :   26%)  of  1 , 3 - d i m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o - 2 - t h i o u r a c i l .  

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M+226  ( 1 0 0 ) ,  

129  ( 3 0 ) ,   74  ( 6 0 ) ,   73  ( 3 1 ) ,  

42  ( 6 5 ) .  

IR  ( n e a t )  :   1 7 1 0 c m - 1   ( v c = o ) .  
1H  NMR  ( C D C l 3 : T M S )  :   6 3 . 5 1   ( s ,   3 H ) ,  

3 . 5 6 ( s ,   3H) ,   3 . 4  -   3 . 7 ( m ,  1 H ) ,  

3 . 8 2   ( bd ,   2 H ) .  
19F  NMR  ( C D C 1 3 : C F C 1 3 ) :   6 - 6 7 . 9   (d,   J = 8 H z ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 7 H 9 F 3 N 2 O S :  
C a l c u l a t e d   (%):  C,  3 7 . 1 7 ;   H,  4 . 0 1 ;   N,  1 2 . 3 8 .  

F o u n d   ( % ) :   C,  3 7 . 4 2 ;   H,  4 . 0 0 ;   N,  1 2 . 3 8 .  

E x a m p l e   3 

A  m i x t u r e   of  @ - t r i f l u o r o m e t h y l a c r y l i c  a c i d  

(700  mg;  5 .0   m m o l e s )   and  p h e n y l t h i o u r e a   (780  mg;  5 . 1  

m m o l e s )   i n   DMF  (5  ml)  was  h e a t e d  a t   9 0  ° C   w i t h   s t i r r i n g  

f o r   8  h o u r s .   A f t e r   c o o l i n g  t o   0°C,   a  s o l u t i o n   o f  

d i c y c l o h e x y l c a r b o d i i m i d e   (DCC)  (1 . .10  g;  5 . 3   m m o l e s )   i n  

3  ml  of   DMF  was  a d d e d   d r o p w i s e .   The  m i x t u r e   was  s t i r r e d  

f o r   1  h o u r ,   and  t h e   p r e c i p i t a t e d   s o l i d   was  f i l t e r e d   o f f  

and   w a s h e d   w i t h   e t h y l   a c e t a t e .   The  s o l v e n t s   w e r e  



e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e   f rom  t h e   c o m b i n e d  

f i l t r a t e s .   The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a -  

t o g r a p h y   on  s i l i c a   g e l   ( e t h y l   a c e t a t e :   c h l o r o f o r m = 1 : 3 )  

to   g i v e   685  mg  ( y i e l d :   50%)  of  3 - p h e n y l - 5 - t r i f l u o r o -  

m e t h y l - 5 , 6 - d i h y d r o - 2 - t h i o u r a c i l .  

m . p . :   1 8 5  -   1 8 6 . 5   ° C .  

Mass  s p e c t r u m :   m/e  ( r e l a t i v e   i n t e n s i t y )   M+274 

( 7 8 ) ,   273  ( 1 0 0 ) .  

IR  ( K B r ) :   3 2 4 0 ,   3 1 9 0 ,   3 1 5 0 c m -  1 

( ν N - H ) ,   1 7 2 0 c m - 1   ( v c = o ) .  
1H  NMR  ( C D C l 3 - C D 3 O D : T M S )  :   δ 

3 . 5  -   4 .0   (m,  1H),   3 . 9 8 ( b s ,   1 H ) ,  

4 . 0  -   4 .3   (m,  2H) ,   6 . 8  -   7 . 7   (m,  5 H ) .  
19F  NMR  ( C D C l 3 - C D 3 O D : C F C l 3 )  :   δ 

- 6 7 . 3   (d,   J = 8 H z ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 1 1 H 9 F 3 N 2 O S :  
C a l c u l a t e d   (%):  C,  4 8 . 1 7 ;   H,  3 . 3 1 ;   N,  1 0 . 2 1 .  

Found   (%):  C,  4 8 . 2 5 ;   H,  3 . 0 4 ;   N,  1 0 . 4 4 .  

E x a m p l e   4 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(700  mg;  5 .0   m m o l e s )   and  m e t h y l u r e a   (370  mg;  5 .0   m m o l e s )  
in   DMF  (5  ml)  was  h e a t e d   a t   80  °C  w i t h   s t i r r i n g   f o r  

3  h o u r s .   A f t e r   c o o l i n g   to   0  °C,  a  s o l u t i o n   of  d i c y c l o -  

h e x y l c a r b o d i i m i d e   (DCC)  ( 1 . 0 5   g;  5 .1   m m o l e s )   in   3  m l  



of  DMF  was  a d d e d   d r o p w i s e .   The  m i x t u r e   was  s t i r r e d   f o r  

1  h o u r ,   and  t h e   p r e c i p i t a t e d   s o l i d   was  f i l t e r e d   o f f  

and  w a s h e d   w i t h   e t h y l   a c e t a t e .   The  s o l v e n t   was  e v a p o r a t e d  

u n d e r   r e d u c e d   p r e s s u r e   f r o m   t h e   c o m b i n e d   f i l t r a t e s .  

The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l   ( e t h y l   a c e t a t e :   c h l o r o f o r m = 1 : 3 )   to   g i v e  

424  mg  ( y i e l d :   43%)  of  3 - m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o u r a c i l   (OF-2)   and   174  mg  ( y i e l d :   18%)  of  1 -  

m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   ( O F - 3 ) .  

3 - M e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l  

( O F - 2 ) :  

m . p . :   1 6 2  -   163  °C 

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M+  1 9 6  

( 1 0 0 ) ,   9 9  ( 5 0 ) ,  9 6   ( 4 6 ) ,   95  ( 3 2 ) ,  

77  ( 3 5 ) ,   58  ( 6 6 ) ,   56  ( 5 4 ) .  

IR  ( K B r )  :   3 2 6 0 ,   3 1 4 0 c m - 1   ( v N - H ) ,   1 7 3 0 ,   1 7 0 5 ,  
1 6 9 0 c m - 1   ( v c = o ) .  

1H  NMR  ( C D 3 C O C D 3 : T M S )  :   6 3 . 0 3 ( s ,   3 H ) ,  

3 . 4  -   4 . 0 ( m ,   3H),   7 . 0 ( b s ,   1 H ) .  
19F  NMR  ( C D 3 C O C D 3 : C F C l 3 )  :   6 - 6 7 . 0 ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 6 H 7 F 3 N 2 0 2 :  
C a l c u l a t e d   (%):   C,  3 6 . 7 4 ;   H,  3 . 6 0 ;   N,  1 4 . 2 8 .  

Found   (%):  C,  3 6 . 4 3 ;   H,  3 . 4 7 ;   N,  1 4 . 1 6 .  

1 - M e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l  

( O F - 3 ) :  

M . p . :   1 4 2  -   143  °C 

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M+  1 9 6  

( 1 0 0 ) ,   77  ( 2 0 ) ,   57  ( 9 2 ) ,   56  ( 2 1 ) ,  

44  ( 6 2 ) ,   43  ( 3 9 ) ,   42  ( 8 8 ) .  

IR  ( K B r )  :   3.210,  3 1 8 0 c m - 1   ( v N - H ) ,   1 7 3 5 ,   1 7 2 0 ,  
1 7 0 0 c m - 1   ( v c = o ) .  

1H  NMR  ( C D 3 C O C D 3 : T M S )  :   6 2 . 9 6 ( s ,   3H),   3 . 4  -   4 . 0  

(m,  3H),   9 . 4 ( b s ,   1 H ) .  
19F NMR  ( C D 3 C O C D 3 : C F C l 3 ) :   δ - 6 7 . 0 ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r  C 6 H 7 F 3 N 2 O 2 :  
C a l c u l a t e d   (%):  C,  3 6 . 7 4 ;   H,  3 . 6 0 ;   N,  1 4 . 2 8 .  

Found   (%):  C,  3 6 . 4 3 ;   H,  3 . 4 1 ;   N,  1 4 . 0 4 .  



E x a m p l e   5 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 7 0 0  

mg;  5 .0   m m o l e s )   and  u r e a   (318  mg;  5 .3   m m o l e s )   in   DMF 

(5  ml)  was  h e a t e d   a t   9 0  ° C   w i t h   s t i r r i n g   f o r   5  h o u r s .  

A f t e r   c o o l i n g   to   0  °C,  a  s o l u t i o n   of  DCC  ( 1 . 0 9   g;  5 . 3  

m m o l e s )   in  DMF  (3  ml)  was  a d d e d   d r o p w i s e .   The  m i x t u r e  

was  s t i r r e d   f o r   1  h o u r ,   and  t h e   p r e c i p i t a t e d   s o l i d   w a s  

f i l t e r e d   o f f   and  w a s h e d   w i t h   e t h y l   a c e t a t e .   T h e  

s o l v e n t s   w e r e   e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e   f r o m  

t h e   c o m b i n e d   f i l t r a t e s .   The  r e s i d u e   was  p u r i f i e d   b y  

a  c o l u m n   c h r o m a t o g r a p h y  o n   s i l i c a   g e l   ( e t h y l   a c e t a t e )  

to   g i v e   382  mg  ( y i e l d :   42%)  of  5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o u r a c i l .  

m . p . :   2 0 3  -   2 0 5  ° C   ( d e c . )   [ v a l u e   r e p o r t e d   i n  

t h e   l i t e r a t u r e   2 0 3  -   2 0 5  ° C   ( d e c . ) ]  

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M+182 

( 1 0 0 ) ,   96  ( 6 6 ) ,   95  ( 6 0 ) ,   44  ( 4 7 ) ,  

43  ( 7 5 ) ,   30  ( 5 3 ) ,   29  ( 4 4 ) .  

IR  ( K B r ) :   3 2 3 0 ,   3 1 2 0 c m - 1   ( v N - H ) .  

1 7 5 0 ,   1 7 1 0 c m - 1   ( v c = o ) .  
1H  NMR  ( C D 3 C O C D 3 : T M S )  ,   6 3 . 4  -   4 . 2 ( m ,   3H) 

7 . 0 ( b s ,   1H),   9 . 5 ( b s ,   1 H ) .  
19F  NMR  ( C D 3 C O C D 3 : C F C l 3 )  :   6 - 6 6 . 6 ( m ) .  



E x a m p l e   6 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 7 0 0  

mg;  5 .0   m m o l e s )   and  b e n z y l u r e a   ( 7 9 6  m g ;   5 .3   m m o l e s )   i n  

DMF  (5  ml)  was  h e a t e d   a t   9 0  ° C   w i t h   s t i r r i n g   f o r   5 

h o u r s .   A f t e r   t h e   r e a c t i o n   m i x t u r e   was  c o o l e d   to   0  ° C ,  

a  s o l u t i o n   of  D C C  ( 1 . 1 3   g;  5 .5   m m o l e s )   in   DMF  (3  m l )  

was  a d d e d   d r o p w i s e .   T h e - m i x t u r e   was  s t i r r e d   f o r   1  h o u r ,  

and   t h e  p r e c i p i t a t e d  s o l i d   was  f i l t e r e d   o f f   a n d  w a s h e d  

w i t h .  e t h y l   a c e t a t e .   The  s o l v e n t s   w e r e   e v a p o r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   f r o m   t h e   c o m b i n e d   f i l t r a t e s .   T h e  

r e s i d u e   w a s  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a  

g e l   ( e t h y l   a c e t a t e :   c h l o r o f o r m = 1 : 1 )   to   g i v e   979  mg 

( y i e l d :   72%)  of  3 - b e n z y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o u r a c i l .  

m . p . :   1 2 9 . 2  -   1 2 9 . 7   ° C .  

Mass  s p e c t r u m :  m / e  ( r e l a t i v e   i n t e n s i t y )   M+272 

( 1 0 0 ) ,   147  ( 5 6 ) ,   105  ( 5 8 ) ,  

104  ( 9 9 ) ,  9 1   ( 9 7 ) .  

IR  ( K B r ) :   3 2 6 0 ,   3 1 4 0 c m - 1  ( ν N - H ) .  

1 7 3 5 ,   1 6 9 0 c m - 1   ( v c = o ) .  
1H  NMR  ( C D C l 3 : T M S )  :   6 3 . 1  -   3 . 7 ( m ,   3 H ) ,  

4 . 9 4   ( b s ,  2 H ) ,   6 . 8 3   ( b s ,   1 H ) ,  

7 . 1  -   7 .5   (m,  5 H ) .  
19F  NMR  ( C D C l 3 : C F C l 3 )  :   - 6 7 . 5   ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 1 2 H 1 1 F 3 N 2 O 2 :  
C a l c u l a t e d   (%):  C,  5 2 . 9 5 ;   H ,  4 . 0 7 ;   N,  1 0 . 2 9 .  

F o u n d   (%):  C,  5 3 . 2 1 ;   H,  3 . 9 4 ;   N,  1 0 . 2 7 .  



E x a m p l e   7 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(700  mg;  5 .0   m m o l e s )   and  m e t h y l t h i o u r e a   (460  mg;  5 . 1  

m m o l e s )   in   DMF  (5  ml)  was.  h e a t e d   a t   8 0  ° C   w i t h   s t i r r i n g  

f o r   4  h o u r s .   A f t e r   c o o l i n g   to   0  °C,  a  s o l u t i o n   o f  

DCC  ( 1 . 0 9   g;  5 .3   m m o l e s )   in   DMF  (3  ml)  was  a d d e d   d r o p w i s e  

to   t h e   r e a c t i o n   m i x t u r e .   The  m i x t u r e   was  s t i r r e d   f o r  

1  h o u r ,   and  t h e   p r e c i p i t a t e d   s o l i d   was  f i l t e r e d   o f f   a n d  

w a s h e d   w i t h   e t h y l   a c e t a t e .   The  s o l v e n t s   w e r e   e v a p o r a t e d  
u n d e r   r e d u c e d   p r e s s u r e   f r o m   t h e   c o m b i n e d   f i l t r a t e s .  

The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y  

on  s i l i c a   b e l   ( e t h y l   a c e t a t e :   c h l o r o f o r m = 1 : 2 )   to   g i v e  

572  mg  ( y i e l d :   54%)  of  3 - m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o - 2 - t h i o u r a c i l .  

m . p . :   1 3 7 . 5  -   138  ° C .  

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M+212 

( 1 0 0 ) ,   56  ( 2 8 ) ,   43  ( 3 9 ) ,   42  ( 5 7 ) .  

IR  ( K B r )  :   3 2 2 0 ,   3 1 8 0 ,   3 1 0 0 c m - 1   ( v N - H ) .  
1 7 1 5 ,  1 6 9 0 c m  1   ( ν c = o ) .  

1H  NMR  ( C D 3 C O C D 3 : T M S )  :   δ 3 . 4 4 ( s ,   3H) ,   3 . 7  -   4 . 3  

(m,  3H) ,   1 0 . 1 ( b s ,   1 H ) .  
19F  NMR  ( C D 3 C O C D 3 : C F C 1 3 )  :   6 - 6 7 . 1   ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 6 H 7 F 2 N 2 0 S :  
C a l c u l a t e d   (%):  C,  3 3 . 9 6 ;   H,  3 . 3 3 ;   N,  1 3 . 2 0 .  

Found   (%):  C,  3 4 . 0 5 ;   H,  3 . 2 4 ;   N,  1 3 . 4 3 .  



E x a m p l e   8 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c .   a c i d   ( 7 0 0  

mg;  5 .0   m m o l e s )   and  t h i o u r e a   (403  mg;  5 .3   m m o l e s )   i n  

DMF  (5  ml)  was  h e a t e d   a t   9 0  ° C   w i t h   s t i r r i n g   f o r   5 

h o u r s .   A f t e r   t h e   r e a c t i o n   m i x t u r e  w a s  c o o l e d   to   0  ° C ,  

a  s o l u t i o n   of   DCC  ( 1 . 0 5   g ;  5 . 0   m m o l e s )   in   DMF  (3  m l )  

was  a d d e d   d r o p w i s e .   The  m i x t u r e   w a s  s t i r r e d   f o r   1  h o u r ,  

and  t h e   p r e c i p i t a t e d   s o l i d   was  f i l t e r e d   o f f   and  w a s h e d  

w i t h   e t h y l   a c e t a t e .   The  s o l v e n t s  w e r e   e v a p o r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   f r o m   t h e   c o m b i n e d   f i l t r a t e s .   T h e  

r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   ch roma tog raphy  on   s i l i c a   g e l  

( e t h y l   a c e t a t e :   c h l o r o f o r m = 1 : 2 )   to   g i v e  5 3 6   mg  ( y i e l d :  

55%)  of   5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o - 2 - t h o u r a c i l .  

m . p . :   1 8 8 . 5  -   1 9 0  ° C   ( d e c . )  

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M+198 

( 1 0 0 ) ,   69  ( 1 8 ) ,   60  ( 5 1 ) ,   59  ( 3 1 ) ,  

43  ( 1 9 ) ,   42  ( 2 1 ) .  

IR  ( K B r ) :   3 1 9 0 ,   3 1 1 0 c m - 1   ( v N - H ) .  
1 7 2 0 c m - 1   ( v c = o ) .  

1H NMR  ( C D C l 3 - C D 3 O D : T M S )  :   δ 3 . 4  -   3 . 8 ( m .   3 H ) ,  

3 . 9 6 ( b s ,  2 H ) .  
19F  NMR  ( C D C l 3 - C D 3 O D : C F C l 3 )  :   6 6 7 . 8 ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 5 H 5 F 3 N 2 0 S :  
C a l c u l a t e d   (%):  C,  3 0 . 3 1 ;   H,  2 . 5 4 ;   N,  1 4 . 1 4 .  

F o u n d   (%):  C,  3 0 . 4 9 ;   H,  2 . 2 1 ;   N,  1 4 . 5 1 .  
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A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(700  mg;  5 .0   m m o l e s )   and  m e t h y l u r e a   (407  mg;  5 .5   m m o l e s )  

in   DMF  (3  ml)  was  h e a t e d   a t   9 0  ° C   w i t h   s t i r r i n g   f o r  

4  h o u r s .   DMF  was  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e .  
The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l   to   g i v e   118  mg  ( y i e l d   12%)  of  1 - m e t h y l - 5 -  

t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   ( O F - 3 ) ,   20  mg  ( y i e l d :  

2%)  of  3 - m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   a n d  

706  mg  ( y i e l d :   66%)  of  1 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) - 3 - m e t h y l u r e a .  

1 - ( 2 - H y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) - 3 -  

m e t h y l u r e a :  

m . p . :   1 4 9 . 5  -   1 5 0 . 5   ° C .  

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M + 2 1 4 ( 9 ) ,  

30  ( 1 0 0 ) .  

IR  ( K B r )  :   3 4 3 0 ,   3 4 0 0 c m - 1   ( v N - H ) ,   3 6 0 0  -   2 2 0 0 c m - 1  

( v O - H ) .  

1 7 4 0 ,   1 7 2 5 ,   1 6 1 0 c m - 1   ( v c = o ) .  
1H  NMR  ( C D 3 C O C D 3 : T M S )  :   6 2 . 7 0 ( s ,   3 H ) ,  

3 . 3  -   3 . 8 ( m ,   3H),   5 . 9 ( b s ,   1 H ) .  

6 . 1 ( b s ,   1H),   1 0 . 7 ( b s ,   1 H ) .  
19F  NMR  ( C D 3 C O C D 3 : C F C 1 3 )  :   δ - 6 6 . 1 ( m ) .  



E l e m e n t a l   a n a l y s i s   f o r   C 6 H 9 F 3 N 2 O 3 :  
C a l c u l a t e d   (%):  C,  3 3 . 6 5 ;   H,  4 . 2 4 ;   N,  1 3 . 0 8 .  

Found   (%):  C,  3 3 . 8 1 ;   H;  4 . 0 6 ;   N,  1 3 . 1 0 .  

A  s o l u t i o n   of  DCC  (428  mg;  2 .1   m m o l e s )   in   DMF 

(1  ml)  was  a d d e d   d r o p w i s e   to   a  s o l u t i o n   of  1 - ( 2 -  

h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) - 3 - m e t h y l u r e a  

(428  mg;  2 .0   m m o l e s )   o b t a i n e d   a b o v e   in   DMF  (2  m l ) .  

The  m i x t u r e   was  s t i r r e d   f o r   1  h o u r ,   and  t h e   p r e c i p i t a t e d  

s o l i d   was  f i l t e r e d   o f f   and  w a s h e d   w i t h   e t h y l   a c e t a t e .  

The  s o l v e n t s   w e r e   e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e  
f r o m   t h e   c o m b i n e d  f i l t r a t e s .   The  r e s i d u e   was  p u r i f i e d  

by  a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a   g e l   ( e t h y l   a c e t a t e :  

c h l o r o f o r m = 1 : 1 )   to   g i v e   368  mg  ( y i e l d :   94%)  of  3 -  

m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   ( O F - 2 ) .  
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A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 7 0 0  

mg;  5 . 0   m m o l e s )   and  u r e a   (342  mg;  5 .7   m m o l e s )   in   DMF 

(3  m l )  w a s   h e a t e d   a t   9 0  ° C   w i t h   s t i r r i n g  f o r   6  h o u r s .  

DMF  was  e v a p o r a t e d  u n d e r  r e d u c e d   p r e s s u r e .   The  r e s i d u e  

was  p u r i f i e d  b y   a  c o l u m n   c h r o m a t o g r a p h y   o n  s i l i c a   g e l  

( e t h y l   a c e t a t e )   to   g i v e   540  mg  ( y i e l d :   5 4 % )  o f  ( 2 -  

h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) u r e a .  



m . p . :   1 4 9  -   1 4 9 . 5   ° C .  

Mass  s p e c t r u m :   m/e  ( r e l a t i v e   i n t e n s i t y )   M+200 

( 1 ) ,   30  ( 1 0 0 ) .  

IR  ( K B r )  :   3 4 8 0 ,   3 4 1 0 ,   3 3 7 0 c m - 1   ( v N - H ) .  

3 7 0 0  -   2200  cm-1  ( v O - H ) .  

1 7 3 0 ,   1 6 4 0 c m - 1   ( v c = o ) .  
1H  NMR  ( C D 3 C O C D 3 : T M S )  :   6 3 . 3  -   4 . 0 ( m ,   3 H ) ,  

5 . 3  -   7 . 0 ( m ,   3H),   8 . 4 ( b s ,   1 H ) .  
19F  NMR  ( C D 3 C O C D 3 : C F C l 3 )  :   6 - 6 6 . 8 ( m ) .  

A  s o l u t i o n   of  200  mg  ( 1 . 0   mmole)   of  ( 2 - h y d r o x y -  

c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) u r e a   o b t a i n e d   a b o v e   i n  

DMF  (1  ml)  was  c o o l e d   to   0  °C,  and  a  s o l u t i o n   of  DCC 

(220  mg;  1 .1   m m o l e s )   in   DMF  (1  ml)  was  a d d e d   d r o p w i s e .  

The  m i x t u r e   was  s t i r r e d   f o r   1  h o u r ,   a n d  t h e   p r e c i p i t a t e d  

s o l i d   was  f i l t e r e d   o f f   and  w a s h e d   w i t h   e t h y l   a c e t a t e .  

The  s o l v e n t s   w e r e   e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e  
f r o m   t h e   c o m b i n e d   f i l t r a t e s .   The  r e s i d u e   was  p u r i f i e d  

by  a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a   g e l   ( e t h y l   a c e t a t e )  

to   g i v e   116  mg  ( y i e l d :   64%)  of  5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o u r a c i l .  
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A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 7 0 0  

mg;  5 .0   m m o l e s )   and  p h e n y l u r e a   (776  mg;  5 .7   m m o l e s )   i n  

DMF  (5  ml)  was  h e a t e d   a t   9 0  ° C   w i t h   s t i r r i n g   f o r   8 

h o u r s .   DMF  was  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   a n d  

t h e   r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y  

on  s i l i c a   g e l   ( e t h y l   a c e t a t e )   to   g i v e   1 . 0 9   g  ( y i e l d :  

79%)  of  1 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) - 3 -  

p h e n y l u r e a .  

m . p . :   1 8 0 . 5  -   1 8 1  ° C .  

Mass  s p e c t r u m :   m/e  ( r e l a t i v e   i n t e n s i t y )   M+276  ( 5 ) ,  

93  ( 1 0 0 ) .  

IR  ( K B r )  :   3 3 5 0 c m - 1   ( v N - H ) .  

3 7 0 0  -   2 3 0 0 c m - 1   ( v O - H ) .  

1 7 3 5 ,   1 6 0 0 c m - 1   ( v c = o ) .  
1HNMR  ( C D 3 C O C D 3 : T M S  :   6 3 . 3  -   4 . 0 ( m ,   3 H ) ,  

6 . 1 ( b s ,   1H) ,   6 . 7  -   7 . 6 ( m ,   5 H ) ,  

7 . 8 ( b s ,   1H) ,   8 . 1 ( b s ,   1 H ) .  
19F  NMR  ( C D 3 C O C D 3 : C F C l 3 )  :   6 - 6 6 . 6 ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 1 1 H 1 1 F 3 N 2 O 3 :  
C a l c u l a t e d   (%):  C,  4 7 . 8 3 ;   H,  4 . 0 1 ;   N,  1 0 . 1 4 .  

Found   (%):  C,  4 7 . 7 0 ;   H,  3 . 6 5 ;   N,  9 . 8 1 .  

A  s o l u t i o n   of  DCC  (206  mg;  1 .0   mmole)   in   DMF 

( 0 . 5   ml)  was  a d d e d   d r o p w i s e   to   a  s o l u t i o n   of  1 - ( 2 -  

h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) - 3 - p h e n y l u r e a  

(276  mg;  1 .0   mmole)   o b t a i n e d   a b o v e   in   DMF  (1  m l ) ,  

and  t h e   m i x t u r e   was  s t i r r e d   f o r   1  h o u r .  T h e   p r e c i p i t a t e d  
s o l i d   was  f i l t e r e d   o f f ,   a n d - w a s h e d   w i t h   e t h y l   a c e t a t e .  

The  s o l v e n t s   w e r e   e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e  
f r o m   t h e   c o m b i n e d   f i l t r a t e s .   The  r e s i d u e   was  p u r i f i e d  

by  a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a   g e l   ( e t h y l   a c e t a t e :  

c h l o r o f o r m = 1 : 3 )   to   g i v e   120  mg  ( y i e l d :   47%)  of  3 - p h e n y l -  

5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l .  

m . p . :   2 1 5  -   2 1 6  ° C .  

Mass  s p e c t r u m :   m/e   ( r e l a t i v e   i n t e n s i t y )   M + 2 5 8 ( 7 3 ) ,  

93  ( 1 0 0 ) .  

IR  ( K B r )  :   3 2 4 0 ,   3 1 3 0 c m - 1   ( v N - H ) .  

1 7 4 0 ,   1 6 9 5 c m  1   ( v c = o ) .  



1H  NMR  ( C D 3 C O C D 3 : T M S )  :   6 3 . 6  -   4 . 2 ( m .   3 H ) ,  

7 . 0  -   7 . 5 ( m .   6 H ) .  

.  19F  NMR  ( C D 3 C O C D 3 : C F C l 3 )  :   6 - 6 6 . 5 ( d ,   J = 8 H z ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 1 1 H 9 F 3 N 2 O 2 :  
C a l c u l a t e d   (%):  C,  5 1 . 1 7 ;   H,  3 . 5 1 ;   N,  1 0 . 8 5 .  

Found   (%):  C,  5 1 . 3 5 ;   H,  3 . 7 1 ;   N,  1 0 . 8 7 .  
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A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 7 0 0  

mg;  5 .0   mmole)   and  b e n z y l u r e a   (841  mg;  5 .6   m m o l e s )   i n  

DMF  (3  ml)  was  h e a t e d   a t   9 0  ° C   w i t h   s t i r r i n g   f o r   28  

h o u r s .   DMF  was  e v a p o r a t e d   u n d e r  r e d u c e d   p r e s s u r e ,   a n d  

t h e   r e s i d u e   was  r e c r y s t a l l i z e d   f r o m   e t h y l   a c e t a t e -  

c h l o r o f o r m   to  g i v e   1 . 1 0   g  ( y i e l d :   76%)  of  l - b e n z y l - 3 -  

( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) u r e a .  

m . p . :   1 8 3  -   1 8 3 . 5   ° C .  

Mass  s p e c t r u m :  m / e   ( r e l a t i v e   i n t e n s i t y )   M + 2 9 0 ( 1 8 ) ,  

106  ( 1 0 0 ) .  

IR  ( K B r )  :   3 3 9 0 c m - 1   ( v N - H ) .  

3 7 0 0  -   2 3 0 0 c m - 1   ( v O - H ) .  

1 7 4 0 ,   1 6 0 0 c m - 1   ( v c = o ) .  
1H  NMR  ( C D 3 C O C D 3 : T M S )  :   δ 3 . 4  -   3 . 9 ( m ,   3 H ) ,  

4 . 3 0 ( m ,   2H) ,   6 . 1 5 ( b d ,   2H) ,   7 . 2 7 ( m ,   6 H ) .  
19F  NMR  ( C D 3 C O C D 3 : C F C l 3 )  :   6 - 6 6 . 8   ( m ) .  

E l e m e n t a l   a n a l y s i s   f o r   C 1 2 H 1 3 F 3 N 2 O 3 :  
C a l c u l a t e d   ( % ) : C ,   4 9 . 6 6 ;   H,  4 . 5 1 ;   N,  9 . 6 5 .  

Found   (%):  C,  4 9 . 4 3 ;   H,  4 . 5 5 ;   N,  9 . 8 8 .  



A  s o l u t i o n   of  DCC  (430  mg;  2 .1   m m o l e s )   in  DMF 

(1  ml)  was  a d d e d   d r o p w i s e   to  a  s o l u t i o n   of  1 - b e n z y l - 3 -  

( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 - t r i f l u o r o p r o p y l ) u r e a   (580  m g ;  
2 .0   m m o l e s )   o b t a i n e d   a b o v e   in  DMF  (2  m l ) .   One  h o u r  

l a t e r ,   t h e   p r e c i p i t a t e d   s o l i d   was  f i l t e r e d   o f f   a n d  

w a s h e d   w i t h   e t h y l   a c e t a t e .   The  s o l v e n t s   w e r e   e v a p o r a t e d  

u n d e r   r e d u c e d   p r e s s u r e   f r o m   t h e   c o m b i n e d   f i l t r a t e s .  

The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   o n  

s i l i c a   ge l   ( e t h y l   a c e t a t e :   c h l o r o f o r m = 1 : 1 )   to  g i v e  

468  mg  ( y i e l d :   86%)  of  3 - b e n z y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o u r a c i l .  

E x a m p l e   1 3  

A c e t i c   a n h y d r i d e   (5  ml)  was  a d d e d   to   290  mg 
( 1 . 0   mmole)   of  1 - b e n z y l - 3 - ( 2 - h y d r o x y c a r b o n y l - 3 , 3 , 3 -  

t r i f l u o r o p r o p y l ) u r e a   s y n t h e s i z e d   in   E x a m p l e   12,  a n d  

t h e   m i x t u r e   was  h e a t e d   u n d e r   r e f l u x   f o r   30  m i n u t e s .  

The  s o l v e n t   was  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e .  
The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   o n  
s i l i c a   g e l   ( e t h y l   a c e t a t e :   c h l o r o f o r m = 1 : 1 )   to   g i v e  
176  mg  ( y i e l d :   65%)  of  3 - b e n z y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 -  

d i h y d r o u r a c i l .  

E x a m p l e   14  



A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 7 0 0  

mg;  5 .0   m m o l e s )   and  1 , 3 - d i m e t h y l u r e a   (419  mg;  4 .8   m m o l e s )  

in  DMF  (5  ml)  was  c o o l e d   to   0  °C,  and  t h e n   a  s o l u t i o n  

of  DCC  ( 1 . 2 1   g;  5 .9   m m o l e s )   in  DMF  (3  ml)  was  a d d e d  

d r o p w i s e .   The  m i x t u r e   was  s t i r r e d   a t   0  °C  f o r   1  h o u r .  

The  p r e c i p i t a t e d   s o l i d   was  f i l t e r e d   o f f ,   and  w a s h e d  

w i t h   e t h y l   a c e t a t e .   The  s o l v e n t s   w e r e   e v a p o r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   f rom  t h e   c o m b i n e d   f i l t r a t e s .   T h e  

r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   o n  

s i l i c a   ge l   to   g i v e   566  mg  ( y i e l d   57%)  of  1 , 3 - d i m e t h y l - 5 -  

t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   ( O F - 1 ) .  
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A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d   ( 7 0 0  

mg;  5 .0   m m o l e s )   and  m e t h y l u r e a   (378  mg;  5 . 1  m m o l e s )   i n  

DMF  (5  ml)  was  c o o l e d   to   0  °C,  and  a  s o l u t i o n   of  DCC 

( 1 . 0 7   g;  5 .2   m m o l e s )   in   DMF  ( 3  m l )   was  a d d e d   d r o p w i s e .  

The  m i x t u r e   was  s t i r r e d   f o r   1  h o u r ,   and  t h e   p r e c i p i t a t e d  

s o l i d   was  f i l t e r e d   o f f   and  w a s h e d   w i t h   e t h y l   a c e t a t e .  

DMF  was  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e   f r o m   t h e  

c o m b i n e d   f i l t r a t e s .   The  r e s i d u e  w a s   p u r i f i e d   by  a  

c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a   g e l   ( e t h y l   a c e t a t e :  

c h l o r o f o r m = 1 : 3 )   to   g i v e   420  mg  ( y i e l d :   43%)  of  1 -  

m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   (OF-3 )   a n d  

30  mg  ( y i e l d :   15%)  of  3 - m e t h y l - 5 - t r i f l u b r o m e t h y l - 5 , 6 -  

d i h y d r o u r a c i l   ( O F - 2 ) .  



E x a m p l e   16  

A  s o l u t i o n   of  1 , 3 - d i m e t h y l u r e a   (168  mg;  1 .9   m m o l e s )  

in   DMF  (2  ml)  was  c o o l e d   to   0  °C,  and  a - t r i f l u o r o -  

m e t h y l a c r y l o y l   c h l o r i d e   (317  mg;  2 .0   m m o l e s )   a n d  

t r i e t h y l a m i n e   ( 0 . 3 1  m l ;   2 .2   m m o l e s )   w e r e   a d d e d   d r o p w i s e .  

The  m i x t u r e   was  s t i r r e d   a t   0  °C  f o r   2  h o u r s ,   and  t h e n  

w a t e r   (20  ml)  was  a d d e d .   The  m i x t u r e   was  e x t r a c t e d  

w i t h   m e t h y l e n e   c h l o r i d e   (20  ml  x  1,  10  ml  x  2 ) .  

The  c o m b i n e d   e x t r a c t s   w e r e   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e ,   f i l t e r e d   and  c o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e .   The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n  

c h r o m a t o g r a p h y   on  s i l i c a   g e l   ( c h l o r o f o r m )   to   g i v e  

197  mg  ( y i e l d :   49%)  of  1 , 3 - d i m e t h y l - 5 - t r i f l u o r o m e t h y l -  

5 , 6 - d i h y d r o u r a c i l .  

E x a m p l e   17  



A  s o l u t i o n   of  1 , 3 - d i m e t h y l u r e a   (423  mg;  4 .8   m m o l e s )  

in   DMF  (5  ml)  was  c o o l e d   to   0  °C,  and  a - t r i f l u o r o -  

m e t h y l a c r y l o y l   c h l o r i d e   (792  mg;  5 .0   m m o l e s )   was  a d d e d  

d r o p w i s e .   The  m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a t u r e  

f o r   1  h o u r .   T h e n ,   w a t e r   (20  ml)  was  a d d e d ,   and  t h e  

m i x t u r e   was  e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e   (20  ml  x  

1,  10  ml  x  2 ) .   The  c o m b i n e d   e x t r a c t s   w e r e   d r i e d   o v e r  

a n h h d r o u s   m a g n e s i u m   s u l f a t e ,   f i l t e r e d ,   and  c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e   was  p u r i f i e d   b y  

a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a   g e l   ( c h l o r o f o r m )   t o  

g i v e   508  mg  ( y i e l d :   50%)  of  1 , 3 - d i m e t h y 1 - 5 - t r i f 1 u o r o -  

m e t h y l - 5 , 6 - d i h y d r o u r a c i l   ( O F - 1 ) .  

E x a m p l e   18 

A  s o l u t i o n   of  m e t h y l u r e a   (148  mg;  2 .0   m m o l e s )   i n  

DMF  (2  ml)  was  c o o l e d   to   0  °C,  and  a - t r i f l u o r o m e t h y l -  

a c r y l o y l   c h l o r i d e   (317  mg;  2 .0   m m o l e s )   was  a d d e d   d r o p w i s e .  

The  m i x t u r e  w a s   s t i r r e d   a t   room  t e m p e r a t u r e   f o r   1  h o u r ,  
and  w a t e r   (20  ml)  was  a d d e d .   The  m i x t u r e   was  e x t r a c t e d  

w i t h   m e t h y l e n e   c h l o r i d e   (20  ml  x  1,  10  ml  x  2 ) .   T h e  

c o m b i n e d   e x t r a c t s   w e r e   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r  r e d u c e d  

p r e s s u r e .   The  r e s i d u e   was  p u r i f i e d   by  a  c o l u m n   c h r o m a -  

t o g r a p h y   on  s i l i c a   g e l   ( c h l o r o f o r m :   e t h y l   a c e t a t e = 3 : 1 )  

to   g i v e   39  mg  ( y i e l d :   10%)  of  1 - m e t h y l - 5 - t r i f l u o r o m e t h y l -  

5 , 6 - d i h y d r o u r a c i l   ( O F - 3 )   and  117  mg  ( y i e l d :   30%)  o f  

3 - m e t h y l - 5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   ( O F - 2 ) .  



E x a m p l e   19 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(700  mg;  5  m m o l e s ) ,   u r e a   (300  mg;  5  m m o l e s )   and  a c e t i c  

a n h y d r i d e   (2  m l )  w a s   h e a t e d   a t   1 0 0  ° C   w i t h   s t i r r i n g  

f o r   1  h o u r .   A f t e r   c o o l i n g   to   0  °C,  t h e   p r e c i p i t a t e d  

s o l i d   was  f i l t e r e d   o f f   to   g i v e   450  mg  ( y i e l d :  

40%)  of   5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l .   T h e  

s o l v e n t   was  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e   f rom  t h e  

f i l t r a t e ,   and  t h e   r e s i d u e   was  r e c r y s t a l l i z e d   f r o m  

e t h a n o l   to   g i v e   a d d i t i o n a l   160  mg  ( y i e l d :   2.7%)  of  5 -  

t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l .   The  t o t a l   y i e l d  

of  t h e   p r o d u c t   was  6 7 % .  

The  p h y s i c a l   and  s p e c t r a l   p r o p e r t i e s   of  t h e  

r e s u l t i n g   5 - t r i f l u o r o m e t h y l - 5 , 6 - d i h y d r o u r a c i l   c o m p l e t e l y  

a g r e e d   w i t h   t h o s e   of   t h e   p r o d u c t   o b t a i n e d   in   E x a m p l e   5 .  

E x a m p l e   20  

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(350  mg;  2 .5   m m o l e s ) ,  u r e a   (162  mg;  2 .7   m m o l e s )   a n d  

a c e t i c   a n h y d r i d e   (2  ml)  was  h e a t e d   a t   8 0  ° C   w i t h  

s t i r r i n g   f o r   2  h o u r s .   A f t e r   c o o l i n g   to   0  °C,  t h e  

p r e c i p i t a t e d   w h i t e   s o l i d   was  f i l t e r e d   o f f  

t o   g i v e   210  mg  ( y i e l d :   46%)  of  5-  t r i f l u o r o m e t h y l -  

d i h y d r o u r a c i l .   The  s o l v e n t   was  e v a p o r a t e d   u n d e r   r e d u c e d  

p r e s s u r e   f r o m   t h e   f i l t r a t e .   The  r e s i d u e   was  c r y s t a l l i z e d  

f r o m   e t h a n o l   to   g i v e   a d d i t i o n a l  9 5   mg  ( y i e l d :   21%).  o f  

t h e   a b o v e   p r o d u c t .   The  t o t a l   y i e l d   was  6 7 % .  



E x a m p l e   21 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(350  mg;  2 .5   m m o l e s ) ,   u r e a   (170  mg:  2 .8   m m o l e s )   a n d  

a c e t i c   a n h y d r i d e   (1  ml)  in   d i m e t h y l - f o r m a m i d e   (2  m l )  

was  s t i r r e d   a t   1 0 0  ° C   f o r   40  m i n u t e s .   The  s o l v e n t  

was  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e  

was  r e c r y s t a l l i z e d   f r o m   e t h a n o l   to   g i v e   290  mg  ( y i e l d :  

64%)  of  5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l .  

A  m i x t u r e   of  a - h e p t a f l u o r o p r o p y l a c r y l i c   a c i d  

(240  mg;  1 .0   m m o l e ) ,   u r e a   (64  mg;  1 .1   m m o l e s )   and  a c e t i c  

a n h y d r i d e   ( 0 . 6   ml)  was  h e a t e d   a t   1 0 0  ° C   w i t h   s t i r r i n g  
f o r   40  m i n u t e s .   T h e n ,   e t h a n o l   (3  ml)  was  a d d e d   to   t h e  

r e a c t i o n   m i x t u r e   to   g i v e   180  mg  ( y i e l d :   64%)  of  5 -  

h e p t a f l u o r o p r o p y l d i h y d r o u r a c i l   as  c o l o r l e s s   c r y s t a l s .  

m . p . :   2 2 3  -   224  ( d e c o m p . )  
1H  NMR  ( C D 3 C O C D 3 - C D 3 S O C D 3 : T M S )  :   6 3 . 3  -   4 . 2  

(m,  3 H ) ,   7 . 6 ( b s ,   1H),   1 0 . 4 ( b s ,   1 H ) .  
19F  NMR  (CD3COCD3-CD3SOCD3:  

C F C l 3 )  :   6 7 9 . 7 ( t ,   J = 1 0 H z ,  

3 F ) ,   1 1 1 . 2 ( m ,   2 F ) ,   1 2 3 . 2 ( b d ,   J = 7 H z ,   2 F ) .  

IR  ( K B r )  :   3 2 5 0 ,   3 1 4 0 c m - 1   ( ν N - H ) ,  

1 7 6 0 ,   1 7 1 0 c m - 1   ( ν c = o ) .  

Mass :   m/e  ( r e f l .   i n t . )  :   M+282  ( 1 8 ) ,  
99  ( 1 0 0 ) .  



E l e m e n t a l   a n a l y s i s   f o r   C7H5F7N2O2 
C  (%)  H  (%)  N  (%) 

C a l c u l a t e d :   2 9 . 8 0   1 . 7 9   9 . 9 3  

F o u n d :   3 0 . 0 3   1 . 8 4   9 . 8 8  

E x a m p l e   23 

A  m i x t u r e   of   a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(350  mg;  2 .5   m m o l e s ) ,   m e t h y l u r e a   (193  mg;  2 .6   m m o l e s )  

and  a c e t i c   a n h y d r i d e   (2  ml)  was  h e a t e d   w i t h   s t i r r i n g .  

a t   1 0 0  ° C   f o r   1  h o u r ,   and   t h e   s o l v e n t   was  e v a p o r a t e d  

u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e   was  r e c r y s t a l l i z e d  

f r o m   c h l o r o f o r m - h e x a n e   to   g i v e   392  mg  ( y i e l d   80%)  o f  

a  2 :3   m i x t u r e   of  1 - m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l  

( O F - 3 )   and  3 - m e t h y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l  

( O F - 2 )   as  in   E x a m p l e   4 .  

The  i s o m e r s   w e r e   s e p a r a t e d   f r o m   e a c h   o t h e r   b y  

a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a   g e l   ( e t h y l   a c e t a t e :  

c h l o r o f o r m = 1 : 3 ) .  

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(350  mg;  2 .5   m m o l e s ) ,   p h e n y l u r e a   (353  mg;  2 .6   m m o l e s )  

and  a c e t i c   a n h y d r i d e   (2  ml)  was  h e a t e d   a t   1 0 0  ° C   w i t h  

s t i r r i n g   f o r   1  h o u r .   A f t e r   c o o l i n g ,   t h e   p r e c i p i t a t e d  
s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n   to   g i v e   298  mg 
( y i e l d :   46%)  of  3 - p h e n y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l .  

The  s o l v e n t   was  e v a p o r a t e d   f r o m   t h e   f i l t r a t e ,   and  t h e  



r e s i d u e   was  r e c r y s t a l l i z e d   f rom  c h l o r o f o r m / h e x a n e   t o  

g i v e   a d d i t i o n a l   133  mg  ( y i e l d :   21%)  of  t h e   a b o v e   p r o d u c t .  

The  t o t a l   y i e l d   was  67%.  The  p h y s i c a l   and  s p e c t r a l  

p r o p e r t i e s   of  t h e   r e s u l t i n g   3 - p h e n y l - 5 - t r i f l u o r o m e t h y l -  

d i h y d r o u r a c i l   c o m p l e t e l y   a g r e e d   w i t h   t h o s e   of  t h e  

p r o d u c t   o b t a i n e d   in   E x a m p l e   1 1 .  

E x a m p l e   25 

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

(350  mg;  2 .5   m m o l e s ) ,   b e n z y l u r e a   (389  mg;  2 .6   m m o l e s )  

and  a c e t i c   a n h y d r i d e   (2  ml)  was  h e a t e d   w i t h   s t i r r i n g  

a t   1 0 0  ° C   f o r   1  h o u r .   The  s o l v e n t   was  e v a p o r a t e d   u n d e r  

r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e   was  r e c r y s t a l l i z e d  

f r o m   c h l o r o f o r m / h e x a n e   to   g i v e   500  mg  ( y i e l d :   72%) 

of  3 - b e n z y l - 5 - t r i f l u o r o m e t h y l d i h y d r o u r a c i l .   T h e  

p h y s i c a l   and  s p e c t r a l   p r o p e r t i e s   of  t h i s   p r o d u c t   c o m -  

p l e t e l y   a g r e e d   w i t h   t h o s e   of  t h e   p r o d u c t   o b t a i n e d   i n  

E x a m p l e   6 .  

E x a m p l e   26  

A  m i x t u r e   of  a - t r i f l u o r o m e t h y l a c r y l i c   a c i d  

( 4 . 3 1   g;  3 0 . 8   m m o l e s ) ,   1 , 3 - d i m e t h y l u r e a   ( 2 . 7 5   g;  3 1 . 2  

m m o l e s )   and  a c e t i c   a n h y d r i d e   (17  ml)   was  h e a t e d   a t  

1 0 0  ° C   w i t h   s t i r r i n g   f o r   one  h o u r .   The  s o l v e n t   w a s  

e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   and   t h e   r e s i d u e   w a s  

p u r i f i e d   by  a  c o l u m n   c h r o m a t o g r a p h y   on  s i l i c a   g e l  

(CHC13)  to   g i v e   5 . 5 0   g  ( y i e l d :   84%)  of  1 , 3 - d i m e t h y l - 5 -  

t r i f l u o r o m e t h y l d i h y d r o u r a c i l .  



1.  A  p r o c e s s   f o r   p r e p a r i n g   a  5 - p e r f l u o r o a l k y l -  

d i h y d r o u r a c i l   d e r i v a t i v e   of   t h e   g e n e r a l   f o r m u l a  

w h e r e i n   Rf  r e p r e s e n t s   a  p e r f l u o r o a l k y l   g r o u p ,   e a c h  

of   R 1  a n d   R2  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   or  a n  

a l k y l ,   c y c l o a l k y l ,   a r y l ,   a r a l k y l   or  h e t e r o c y c l i c  

g r o u p ,   and  Y  i s   an  o x y g e n   or  s u l f u r   a t o m ,  

w h i c h   p r o c e s s   c o m p r i s e s  

(a)  r e a c t i n g   a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a  

w h e r e i n   X  r e p r e s e n t s   a  h a l o g e n   a tom  or  a  h y d r o x y l  

g r o u p ,   and  Rf  i s   as  d e f i n e d   a b o v e ,  

w i t h   a  u r e a   d e r i v a t i v e   of   t h e   g e n e r a l   f o r m u l a  

w h e r e i n   R l ,   R2  and  Y  a r e   as  d e f i n e d   a b o v e ,  

p r o v i d e d   t h a t  w h e n   X  i s   a  h y d r o x y l   g r o u p   and  a t   l e a s t  

one   of   R1  and  R 2  i s   a  h y d r o g e n   a t o m ,   s a i d   r e a c t i o n   i s  

c a r r i e d   o u t   in  t h e   p r e s e n c e   of   a  c o n d e n s i n g   a g e n t ,   o r  

(b)  c y c l i z i n g   a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a  



w h e r e i n   Rf ,   R1,  R2  and  Y  a r e   as  d e f i n e d   a b o v e .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  (a)  w h e r e i n   t h e  

c o n d e n s i n g   a g e n t ,   when  u s e d ,   i s   d i c y c l o h e x y l  

c a r b o d i i m i d e ,   p o l y p h o s p h o r i c   a c i d ,   p - t o l u e n e - s u l f o n i c  

a c i d   or  a  c a r b o x y l i c   a c i d   a n h y d r i d e .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  2  (a)  w h e r e i n  

when  X  i s   a  h y d r o x y l   g r o u p   and  a t   l e a s t   one  of   R1  and  R2 

i s   a  h y d r o g e n   a t o m ,   t h e   r e a c t i o n   i s   c a r r i e d   o u t   in  t h e  

p r e s e n c e   of   a  c o n d e n s i n g   a g e n t   a t   a  t e m p e r a t u r e   of   - 2 0 ° C  

to  1 2 0 ° C .  

4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  (a)  w h e r e i n   when  X 

i s   a  h y d r o x y l   g r o u p   and  R1  and  R2  e a c h   r e p r e s e n t   a  

s u b s t i t u e n t   o t h e r   t h a n   a  h y d r o g e n   a t o m ,   t h e   r e a c t i o n   i s  

c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of  50°C  to  2 0 0 ° C .  

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  (a)  w h e r e i n   when  X 

i s   a  h a l o g e n   a t o m ,   t h e   r e a c t i o n   i s   c a r r i e d   o u t   a t   a  

t e m p e r a t u r e   of   - 2 0 ° C   to  5 0 ° C .  

6.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  (b)  w h e r e i n   t h e  

c y c l i z a t i o n   i s   c a r r i e d   ou t   in  t he   p r e s e n c e   of   a  

c o n d e n s i n g   a g e n t .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   2  or  7  w h e r e i n   t h e  

c o n d e n s i n g   a g e n t   i s   d i c y c l o h e x y l   c a r b o d i i m i d e   or  a c e t i c  

a n h y d r i d e .  



8.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  6,  (b)  w h e r e i n  
t h e   c y c l i z a t i o n   i s   c a r r i e d   o u t   a  t e m p e r a t u r e   of   - 2 0 ° C   t o  
2 0 0 o C .  

9.  A  c o m p o u n d  o f   t h e   g e n e r a l   f o r m u l a  

w h e r e i n   Rf,   R1,  R2  and  Y  a r e   as  d e f i n e d   in  c l a i m  
1 .  

10.  A  c o m p o u n d   a c c o r d i n g   to  c l a i m   9  w h e r e i n   Rf  i s   a  
t r i f l u o r o m e t h y l   g r o u p   and  e a c h   of   R1  and  R2  r e p r e s e n t s   a  
h y d r o g e n   a t o m  o r   a  m e t h y l ,   p h e n y l   or  b e n z y l   g r o u p .  


	bibliography
	description
	claims

